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View of the Recently Completed Mount Vernon Memorial Highway 
Designed and Constructed by the U. 8S. Bureau of Public Roads 


Purpose of Reinforcing Steel 
in Concrete Pavements 


By R. D. BRapBuRY 


Engineer-Director, Wire Reinforcement Institute* 


HE strengthening or so-called reinforcing of con- 

crete through the medium of embedded steel can 

not be expected to actually prevent the concrete 
from cracking, since, in any case whether it be a build- 
ing or a pavement, such a procedure would necessitate 
the use of steel at such a low unit stress as to be decid- 
edly uneconomical. Accordingly, the economical adapta- 
tion of reinforcement to any type of concrete structure 
is fundamentally a problem of preventing what might be 
termed “objectionable” cracking. By mitigating the 
structural effect of the crack with respect to its influence 
upon strength, durability and appearance of the structure, 
reinforcing steel thus serves as a means of attaining sat- 
isfactory crack control rather than actual crack preven- 
tion. 

Cracks are, of course, fundamentally objectionable in 
any concrete structure. Since it is seldom economically 
possible to entirely prevent cracks it is accordingly im- 
perative that they be limited in extent and controlled in 


: “Condensed from a paper presented at the 8th Annual Short 
- irse in Highway Engineering, Texas A. & M. College, April 7, 


character by employing every possible precautionary 
means to assure the required strength, usefulness and 
durability of the structure commensurate with economy 
of cost and upkeep. The successful utilization of rein- 
forced concrete as a building material thus becomes 
largely a matter of its proper reinforcement. This im- 
plies the use of reinforcing steel in such manner and 
amount as may be structurally and economically appro- 
priate to the particular requirements of each specific type 
of structure. 

That the basis of combining concrete and reinforcing 
steel may very properly be quite different in different 
types of structures is strikingly shown by common prac- 
tice in the design of pavement slabs as compared with the 
design of floor slabs. Thus we observe that the struc- 
tural engineer, in designing a concrete floor slab for a 
building or a bridge, neglects entirely any resistance to 
flexure offered by the tensile strength of the concrete 
and utilizes reinforcing steel in such a manner and in 
sufficient amount to resist all tensile stresses; whereas 
the highway engineer, in designing a concrete pavement 
slab, actually relies upon the plain concrete itself to resist 
















280 


the tensile stresses induced by flexure without the aid of 
any reinforcing steel whatever and utilizes only a suf- 
ficient amount of steel to merely prevent expectant cracks 
from opening due to causes other than flexure. 

This would seem to indicate a radically different atti- 
tude on the part of the engineer toward the tensile capa- 
bilities of concrete in the two cases; and in spite of the 
fact that the pavement slab is structurally similar to the 
floor slab in that both are acted upon by applied loads 
and each must accordingly serve fundamentally as a beam 
in supporting its respective loading. What thus appears 
to be a marked inconsistency in design procedure is in 
reality a permissible and appropriate distinction, since 
floor slabs and pavement slabs are not necessarily to be 
judged by a common standard as to what may properly 
be considered satisfactory crack control. 

The pavement is not a free-span slab; it rests directly 
upon the ground and has more or less continuous sup- 
port. There is involved no hazard of total collapse and 
even complete rupture of the slab section could occur 
without destroying the utility of the entire structure and 
without endangering property or human life. Self-sup- 
porting structural stability, therefore, is not the vital re- 
quirement in the case of the pavement slab that it is in 
the floor slab of a building or a bridge. Accordingly it 
is not necessary to resort to as high a degree of conserv- 
atism with respect to the strength limitations of the con- 
crete itself, thus rendering it possible, in pavements, to 
make use of the modulus of rupture strength of the plain 
concrete to resist flexure within conservative limits con- 
sistent with material of known strength. 

This does not imply, by any means, that a pavement 
slab is to be designed in utter disregard of the stresses 
and destructive influences to which pavements are sub- 
jected, since the element of durability is of paramount 
importance. It does mean, however, that the design of a 
concrete pavement can very properly be based upon an 
entirely different standard of crack control than is per- 
missible in the free-span self-supporting members of a 
building or a bridge. 

Stresses in concrete pavements may occur as the re- 
sult of a variety of causes. Traffic loads, volumetric 
changes in the subgrade, non-uniform settlement of the 
subgrade, variations in temperature, and variations in 
moisture content—all tend to deform the slab, inducing 
therein stresses of variable magnitude and character. Al- 
though stresses in concrete pavements may thus result 
from a variety of basic causes, all of the various external 
conditions to which a pavement slab is subjected may, 
however, be grouped into two general classifications with 
respect to the character of deformation produced in the 
slab: (a) those stress-causes tending to produce trans- 
verse deformation, in other words, beam action; (b) those 
stress-causes tending to produce lateral deformation, in 
other words, lengthening or shortening of the slab. The 
character of the external force system set up in either 
case is determined largely by the nature of subgrade 
action. ‘Thus, for the case of traffic loads and other 
causes tending to bend the slab, the subgrade provides 
substantially a system of vertical forces representing the 
supporting reactions induced by slab deflection; whereas, 
in the case of any cause tending to produce lateral slab 
movement, the subgrade prov ides also a system of hori- 
zontal forces tending to resist that movement by virtue 
of the frictional contact existing between slab and sub- 
grade. 

In resisting beam action, slab thickness is, of course, 
of major importance since the maximum intensity of 
stress induced by flexure varies inversely as the square 
of the depth or thickness of the slab. Hence, for a given 





bending moment, the thicker the slab the less the in- 








Roads and Streets 


tensity of stress; or, conversely, with a material given 
strength, the greater the thickness the greater the load- 
carrying capacity as a beam. In resisting the stress in- 
duced by subgrade friction, however, slab thickness is of 
no importance, since, for a given slab length and sub- 
grade condition, both the force of subgrade friction and 
the sectional-area of slab resisting this force vary in 
the same direct proportion. It thus follows that, for 
given external conditions, the maximum intensity of 
stress due to subgrade friction is a fixed amount regard- 
less of whether the slab is thick or thin. 

While the magnitude of stress due to subgrade fric- 
tion, in slabs of moderate length, may be relatively sma’! 
as compared with the stresses induced by other cause 
still such stress may in itself be seriously important 
causing a weakening of the slab section by the formation 
of incipient crack fissures during the hardening peri 
when the concrete may have a very low tensile strengt! 
It is, therefore, apparent that pavement slabs must have 
sufficient thickness to serve adequately as a beam in re- 
sisting the effect of traffic loads and other causes tendiny 
to produce transverse bending; also that some kind ci 
provision other than thickness must be made to resi-t 
the force of subgrade friction brought into play when 
the slab contracts and which tends to cause a progressive 
opening of any erratic cracks that may occur as the r: 
sult of unforeseen or uncontrollable causes. 





REQUIREMENTS FOR SLAB THICKNESS AS LETERMINED BY TRAFFIE LOADS 
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Designing Slab Thickness 


On the basis of a safe fatigue value for modulus of 
rupture, usually taken as about 300 pounds per square 
inch for concrete of the quality commonly used in pave- 
ments, theoretical analysis indicates that an edge thick- 
ness of approximately 9 inches, based upon the plain 
concrete section alone, is, under average conditions, suf- 
ficient to safely withstand a maximum wheel load of ap- 
proximately 8,000 pounds, the legal load limit as pre- 
scribed by a large majority of the states. Theoretical 
analysis furthermore indicates that the interior portion 
of the slab will safely withstand this same wheel load 
with a thickness equal to about seven-tenths of the edge 
thickness or approximately 6% inches, provided all joints 
are properly doweled and adequate provision is made to 
hold closely together the faces of any crack that may 
subsequently occur from any cause. This, in form, is 
what is known as the thickened-edge type of pavement 
section, the general acceptance of which is indicated )y 
the fact that it is specified as a standard type of design 
by approximately 85 per cent of the states. A survey 
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of current design practice among the various state high- 
way departments shows an average edge requirement of 
9.1 inches and an average center requirement of 6.4 
inches, thus indicating that average design practice as 
established by actual experience conforms very closely 
to thicknesses as determined by theoretical analysis. 

It has thus been found that minimum practical thick- 
ness of pavement with slightly increased edge thickness 
is structurally adequate from the standpoint of beam 
strength as a plain section without need of using the 
large amounts of reinforcing steel required to convert 
the slab into a balanced reinforced section. Theoretical 
aralysis, research, and practical pavement experience 
have thus rather conclusively shown that the structural 
requirements of the concrete pavement can be adequately 
and more economically met by determining slab thickness 
o: the basis of a plain concrete section and introducing 
only a moderate amount of distributed steel to protect 
pavement integrity by providing a dependable means of 
crack control. 

Consistent with this basis of analysis, design procedure, 
with particular reference to the use of reinforcement, is 
to first provide adequate slab thickness for transverse 
bending as determined by a safe fatigue value for modu- 
lus of rupture of the plain concrete without relying upon 
any steel to increase the direct moment of resistance of 
the section; and then to provide distributed steel only in 
sufficient amount to merely prevent crack opening under 
later al contraction thereby holding to microscopic dimen- 
sion any crack which may occur due to any cause what- 
soever. 














Core Drilled at a Transverse Crack in Highway Concrete Pave- 
ment Reinforced With Small Steel Members at Close Spacings 


When a pavement slab contracts as the result of any 
physical or climatic influence all cracks and joints will 
tend to open as a result of a shortening of the unbroken 
sections between cracks. If steel reinforcement is intro- 
duced for the purpose of holding cracks closely together 
when contraction occurs it simply means in effect that 
steel must be provided in sufficient amount to actually 
drag a given slab unit against the force of subgrade fric- 
tion. This conception of the function of reinforcement 
has established the so-called “subgrade-drag” theory 
which is probably the most consistent basis for propor- 
tioning distributed reinforcement of the type and ar- 
rangement as commonly used in concrete pavements. By 
this analysis the maximum force tending to produce crack 
separation in any given slab is readily determined from 
the known size and weight of slab and coefficient of sub- 
grade friction. By utilizing a proper allowable working 
stress for the particular grade of steel used the amount 
of sectional area of steel required either longitudinally 
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or transversely is thus determined by a very simple com- 
putation. 





REQUIREMENTS FOR KEINFORCINS STEEL AS DETERMINED BY SUBGRADE FICTION 
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Requirements for Reinforcing Steel as Determined by Subgrade 
Friction 


Allowable working stress in the steel will depend upon 
the particular class and grade of steel used. Reinforcing 
steel is effective in holding cracks closely together only 
so long as the yield point of the steel is not exceeded. 
Obviously, for a class of steel wherein the yield point 
occurs at a very high point in its tensile range, a higher 
allowable working stress can be safely used than for a 
steel having a lower yield point, even though both steels 
may have the same ultimate tensile strength. The Amer- 
ican Society of Municipal Engineers recommends an al- 
lowable tensile stress of 20,000 pounds per square inch 
for hot-rolled bars and 25,000 pounds per square inch 
for cold-drawn wire. 

Total weight of reinforcement is frequently considered 
as the important index of reinforcing requirements for 
pavements, secondary consideration being given to the 
question of distribution. It is now quite generally recog- 
nized that for a given total weight of reinforcement per 
100 sq. ft. of pavement surface the distribution of that 
steel throughout the slab is of vital importance. Dis- 
tribution of steel involves not only the distribution of 
relative amounts longitudinally and transversely but also 
the feature of spacing of members in either the longi- 
tudinal or transverse group. Experience and research, 
notably the extensive pavement survey conducted in 1925 
by the Highway Research Board and also the Arlington 
Impact Tests, have indicated that the intended function 
of reinforcement is more efficiently performed by small 
members closely spaced than by large members widely 
spaced. It is desirable, therefore, from the standpoint 
of reinforcing effectiveness, to confine the spacing of 
longitudinal members as closely to 6 inches as possible 
and to restrict the spacing of transverse members to not 
more than 12 or 16 inches. 

Primarily to facilitate speed and accuracy of placing, 
reinforcement of the distributed type is utilized in the 
form of sheets or mats of convenient size wherein longi- 
tudinal and transverse members are connected by electric 
welding or by some kind of tie or clip. The security and 
accuracy with which the reinforcing members are fabri- 
cated into sheet or mat form are important from the 
standpoint of both utility and efficiency of the reinforce- 
ment. Recognizing the importance of high standards of 
fabrication several states now definitely prohibit assembly 
of members by means of ties or clips and require the 
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electric welding of longitudinal and transverse members 
at every intersection, in bar mats as well as wire fabric. 
Three states have adopted this requirement within the 
last year. 

\s to the proper elevation at which reinforcement 
should be placed in the slab, this should not be judged 
with respect to tension caused by transverse bending. 
The primary purpose of distributed reinforcement is to 
merely prevent the lateral separation of adjoining slab 
sections and for this purpose the most natural position 
would probably be at the center of the slab. However, 
from the standpoint of both appearance and maintenance 
the surface of the pavement is of primary concern and it 
is therefore generally considered advisable to locate the 
reinforcement as near as possible to the top surface. The 
prevailing practice accordingly is to place distributed re- 
inforcement about 2 inches below the surface of the slab. 

The thickened-edge type of pavement slab for instance 
is not a logical or consistent design unless the slab is 
reinforced throughout with distributed steel. The rea- 
soning by which the central portion of the slab may be 
made only seven-tenths as thick as the edge is based upon 
the assumption that either the interior portion of the slab 
will always remain intact or that a wheel load placed on 
one side of a crack in the central portion of the slab will 
he transferred from one side to the other and distributed 
approximately equally on the two crack edges. If any 
crack occurs and there is no physical means provided 
for connecting its two faces, then the crack will open 
when the slab contracts, producing two independent edges 
each of which is no different structurally from the ex- 
terior edge of the pavement and consequently the central 
portion of the slab would require the same thickness as 
the exterior edge. 

It must be realized that all concrete pavements are sub- 
jected to many complex and largely indeterminate con- 
ditions. Experience contributes ample evidence of the 
fact that, no matter how carefully pavements may be 
designed, they are highly susceptible to erratic cracking 
due to many unforeseen and unaccountable causes. It 
would thus appear that any proper design should cer- 
tainly anticipate the probability of a crack occurring ulti- 
mately at any place in the slab. 
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Recently Constructed Concrete Street Pavement Incorporating 
Well Balanced Arrangement of Joints Properly Doweled, an 
Welded Wire Fabric Reinforcement 


That reinforcement, of the distributed type, perform: 
a tying function and thereby provides definite benefit t 
pavements has been conclusively proved both by test and 
by actual pavement experience. In the Bates Road Test 
tor instance, definite structural benefit was observed 
Corner breaks in the wire fabric sections were not fol- 
lowed by progressive breakage, subsequent progressiv« 
destruction being reduced to a comparatively insignificant 
amount. Test section No. 51, consisting of a 6-in. slal 
reinforced with wire fabric weighing 45 lb. per 100 sq. ft.., 
developed a corner crack at an early stage of the loading 
but, without further development of the crack or addi- 
tional breakage, it carried every increment of subsequent 
loading throughout the entire test. This section was the 
only one of the 6-in. sections which was in sufficiently 
suitable condition after the final heavy test traffic that 
it could be left as a part of the present publicly traveled 
road. 

In those states where large mileages of reinforced 
pavement have been built over a long period of years 
experience, as revealed by actual pavement condition 
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Laying of Fabricated Steel Reinforcement on Struck Bed of 








Concrete in a Highway Pavement Project 

















anc 
anc 
tha 
pro 


Mr 
uns 
wh 
try 
str 
mis 
yo! 
set 
mo 
tive 


bri 
anc 
tur 
ity, 
tov 
anc 
his 
wh 
wil 
tio! 
anc 


is 
rea 
ma 





| 


Y 








July, 1932 


has also quite definitely proved the benefit of distributed 
reinforcement. As reported by the Committee on Rein- 
forced Concrete Pavements of the American Road Build- 
ers’ Association this experience is reflected in replies to 
the questionnaire directed by that committee to the state 
highway departments of several states that have been 
conspicuous in their long experience with reinforced 
pavements. 

Durability is the all-important element that fixes the 
economic utility of any pavement. Given a sound con- 
crete, it is the rate of progressive cracking that fixes the 
service record of the pavement. The element of quality 
in concrete pavements is not, however, to be gauged by 
the presence of mere cracks as such, but by the kind of 
cracks, the facility with which they contribute to further 
breakage and the rapidity with which disintegration pro- 
gresses. A crack in a plain pavement is an element of 
distinct structural weakness. It creates free independent 
elges and corners and experience furnishes ample evi- 
dence that progressive destruction may soon follow, be- 
ing only a matter of time until large sections require 
complete replacement. A controlled crack, on the other 
hand, one held tightly closed by adequate steel, remains 
shear resistant or, in other words, does not create free 
elges and corners, and the slab unit thus remains sub- 
stantially as sound structurally as before the crack ap- 
peared. 

Distributed reinforcement, used in conjunction with 
joints properly designed and spaced, would thus appear 
to be an essential precautionary feature of design under 
all conditions and would appear to afford a most logical 
and economical means of assuring effective crack control ; 
and, in the final analysis, it is really crack control, rather 
than actual crack prevention, that constitutes the basic 
problem of concrete pavement design. 
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Letter to the Editor 
Federal Aid and Day Labor Projects 


To the Editor: While many of the reasons given by 
Mr. Orcutt for day labor on highway construction are 
unsound and contrary to actual experience, it is not 
wholly surprising that one should hear such ideas in these 
trying times, even coming from an engineer. It is not 
strange that we should sometimes wonder whether we 
might not improve our social system by going a step be- 
yond our present mismanaged bureaucratic status and 
set up state socialism. Such a system might at least put 
money to work or cause it to cease being the prime incen- 
tive of greedy capitalism. 

This is not the first time capitalism has been on the 
brink of complete collapse. In the past some unforeseen 
and fortunate occurrence, insignificant in itself, has 
turned the tide and restored confidence so that prosper- 
ity, as we know it, again became reality and the march 
toward peak prices, great fortunes, rampant speculation 
and the inevitable slump was again under way. Whether 
history will repeat itself again or, like a drowning man 
who can find no straw to clutch, exhausted capitalism 
will sink for the last time, is still an unanswered ques- 
tion. Whether humanity will profit if it does is still 
another problem upon which we can only conjecture. 

There is much talk these days of economy and there 
is an equal amount of confusion as to what economy 
really is. Capitalistic economy is frankly getting the 
most for the dollar. Carried to the extreme of greed, 
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this is vicious and inherently self-destructive, as we are 
now witnessing. Socialistic economy might very well 
mean keeping cvery able individual occupied at some 
useful task so that he does not become a drain upon those 
who can and do work. The first mentioned is wholesome 
only when directed to the general good, and in that 
light might easily encompass the second interpretation. 

Surely socialistic economy of even the most utopian 
variety must recognize the fallacy of make-work enter- 
prises and the like. Even in the case of useful purpose 
of work, mechanical equipment increases the man-hours 
of labor as compared with all-hand labor, and at the 
same time increases the project productivity two to three- 
fold. Thus the effectiveness of the dollar expended in 
returning useful things to mankind is greatly enhanced. 
This incontrovertible fact has been demonstrated count- 
less times during the present effort to relieve unemploy- 
ment. And so the mad cry of politicians, and some 
others who should know better, to scrap the machines and 
put men to work actually defeats its own end. 


It has not been the experience generally on engineer- 
ing works that day labor work has been either as good 
in quality or as economical in cost as contract work ade- 
quately supervised. Even under highly organized con- 
ditions relative to day labor work this has been true. 
Every engineer of broad experience knows this and if 
he speaks honestly will so state. Whether this condition 
would exist under a socialistic state has not been an- 
swered, but it is almost too much to ask of human nature 
that it change completely with change in the social order. 
It is decidedly more sensible to mold government to fit 
human nature. The 18th amendment is the present 
classic example of this truth. 

There is no proof that item A-1 of Mr. Orcutt’s rea- 
sons for day labor—“The number of men employed 
would be greatly increased,” is true. In fact, his item 
A-5 is a direct denial of A-1l, since he says “ .. . it 
will be necessary for the state’s men to take the places 
of the contractor’s superintendents and foremen.” This 
sounds like taking a job away from one man and giving 
it to another. 

Grave doubt attaches to the last statement in b-1— 
“The same principles of organization can be made to 
govern Day Labor projects as at the present time govern 
Contract projects.” Experience has not demonstrated 
this as a fact, and again, it is almost too much to expect 
of human nature. 

Item B-4 is almost entirely contrary to fact. While 
contractors are also human, they are not generally and 
essentially dishonest. Sometimes their broader experi- 
ence may prompt them to disagree with engineers, but 
it is grossly unfair to say that the majority of contrac- 
tors endeavor to “out smart” the state’s representatives. 

Mr. Orcutt says in item B-5, “It will not cost the state 
any more to keep an ‘Eagle Eye’ on a Day Labor project 
than it does on a Contract project.” Actual experience 
these many years certainly disproves any such statement. 

There is more truth in Item C-2 than in any other 
statement made. whereas Organized Capital re- 
tains a large per cent of their profits .’ While it 
may not apply to all business, it is generally true that 
under our present scheme of things, more than 50 per 
cent goes for money service in some form or other. This 
is obviously too much to capital and undoubtedly con- 
stitutes one of the serious faults that must be rectified if 
the present capitalistic system is to survive. 

Capitalism, properly managed, in a democracy which 
is well administered seems reasonable and operable, but 
once a generation we let them get out of control. Whether 
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this is a warning that the system is wrong or merely 
evidence that human society is as yet incapable of con- 
trolling its own functions, may be answered before the 
present enigma is solved. 
HuGH W. SKIDMORE, 
Consulting Engineer, President Chicago Testing 
Laboratory. 
v 

To the Editor: I am herewith submitting the following 
in connection with the request you made in your Feb- 
ruary issue dealing with definitions for the following 
terms : 

Construction.—A phase of road improvement calcu- 
lated to advance the routing towards a more permanent 
type. 

Maintenance.—Such work as contributes to maintain 
the serviceable features of an existing roadway. 

Reconstruction.—Replacement of faulty or damaged 
items or sections of former construction. 

Widening.—A type of road improvement tending to 
widen the existing travel surface or road-bed of 
highway. 

G. A. Liver, 
County Surveyor, Floydada, Texas. 


**Hold Your Horses the 
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Play in Your Own Back Yard 


The following letter, published in the Construction 
Advisor, was sent to the Missouri Branch, A. G. C., sec- 
retary from Jake Pettibone’s nephew, who went in the 
contracting business down in Texas: 

“Deer Secretary: I see by your Magazine thet you 
are still takin’ in a few new members every month. 
wisht if ther’ wuz sum way you could lure sum uv th 
surplus Texas brothers into transferrin’ the’r member 
ship up there t’ th’ Missouri Branch, an’ then put ’en 
in jail fer not payin’ the’r dues so they couldn’t cun 
back. Ther’ is so blamed many contractors down her 
thet th’ legislature is goin’ t’ pass a law and put a bounty) 
on ’em, with a’ extra bonus fer th’ ones with a Norther: 
brand on ’em. I don’t think you'll hev eny trouble wit! 
eny uv our boys comin’ up into Missouri when th 
weather warms up, becuz they won’t hev money enuf 
t’ travel on by th’ time they finish up what work the) 
hev got down here. Hoping this finds you th’ same.’ 

Homer J. Pettibone, 
Scrub-contractor. 


Elephants Are Coming’’ 


Spencer Highway, Harris County, has been declared by highway engineers to be the “Model Highway” of Texas, embracing 
many safety features such as a bituminous non-skid surface, no “bottle-neck” bridge approaches, safety sloping shoulders, super- 
elevated curves, and long sight distancés. 

The new highway is a short route between Houston and her sea-side playgrounds and resorts. 

The batching site and plant for mixing the Warrenite-Bitulithic surface was located some twelve miles out of Houston on a 
comparatively short spur track. This short track required more switching than the contractors, The Gulf Bitulithic Compan) 
were able to get and it looked as though their work was going to be handicapped on that account. The Christy Brothers Circus 
winter quarters were close by and arrangements were made with Mr. Christy for the use of his herd of elephants to be used 
in switching cars, pushing trucks out of bog holes, and for any other heavy duty that might be necessary. They found these ele 
phants to be willing and efficient workers, especially in switching cars (and any contractor knows the importance of having cars 
properly placed when unloading material). This saved them from having to pull this string of loaded cars with their unloading 
machinery. 

As Spencer Highway was constructed 12% miles long, over a newly graded right-of-way they found the elephants to be o 
great service in getting their trucks through the soft spots that would develop on the road, as unfortunately, it rained from one t 
two days a week for the first twelve weeks they were working. It is also surprising to know how handy a well trained elephan 
can become around a paving plant, picking up and moving heavy objects that would necessitate the use of cranes. 

The Christy Brothers Circus consented to using their elephants in this work not only to assist the contractor out of a ba 
predicament, but to also keep their elephants in good training. 
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Twelve Foot Brick Gutter Laid Before Finishing of Bituminous Surface in Columbus, Ohio 


(GUTTER AND PARKING STRIPS 





Provide Economical Street Service 


N experimenting with types of paving material for 
use in the gutters and parking strips of streets, engi- 
neers have experienced varying degrees of success. 
Some block types of paving, while offering the required 
durability and resistance to the chemical action of gutter 
fluids, permit dirt and street filth to gather in rough 
joints. It is obvious that of all things, a gutter material 
should have those characteristics which facilitate drain- 
age and promote cleanliness rather than hamper it. Pub- 
lic health is a vital consideration. 

Still other types of paving that have been tried in the 
gutter, while offering a rigidity in excess of the adjacent 
bituminous material, are subject to cracking and crum- 
bling. The liability to spalling and chipping in places 
where the contents of ice cream freezers are dumped into 
the gutter has become evident and is not an asset to gut- 
ter paving. 

When paving brick is used for gutters, the base course 
is laid continuously from curb to curb, without a longi- 
tudinal joint at the edge of the gutter. This gives added 
strength and eliminates conditions that will cause the 
surface to ravel and the joint along the gutter to open. 
The result is a firm and integral bond between the brick 
gutter or parking strip and the bituminous surfacing. 

The combined gutter and parking strip has many de- 
sirable features. It is found that when automobiles and 
trucks park for a period of time on hot days on bitumi- 
nous surfaces that the tires sink into the surface and 
cause it to become rough. 

Design and Construction.—In the design and construc- 
tion of brick gutters arid parking strips in conjunction 
with bituminous paved streets, there are no difficult prob- 
lems involved. Local conditions and preferences permit 
several alternative designs. Some engineers prefer to 
lay the brick at right angles with the curb, as they would 
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be laid were the entire street to be paved with brick, 
while others prefer to lay the brick parallel to the curb. 

The type of brick to be used may be any of the vari- 
ties recognized by the U. S. Dept. of Commerce. This 
includes the vertical fiber lug, wire-cut lug, or repressed 
lug, and the vertical fiber lugless. 

Depths of 2% in., 3 in., 3% in., or 4 in. are obtain- 
able. The brick will lay either 36 or 40 to the square 
yard depending upon the type selected. 

Cement-grout filler has been most generally specified 
in those cities, particularly in the east, where brick gut- 
ters and parking strips have been the standard for a 
number of years. The cement-grout filler is squeegeed 
into the joints. 

Asphalt filler is sometimes specified for wide gutters 
and parking strips. 

In constructing the base course under the brick gutter 
or parking strip, no attempt should be made to separate 
this base course from that under the pavement proper, 
and it is not desirable that there should be any separation. 
The base course should conform in every way to the 
requirements for the base course for the pavement 
proper. 

Choosing from the different depths of brick, the par- 
ticular depth that, combined with the bedding course, 
will give a total depth equal to the depth of the adjoining 
bituminous pavement, eliminates the necessity of elevat- 
ing or depressing the base course under the brick gutter 
or parking strip. The bedding course should be not less 
than % in. in depth. 

Where the total depth of the bituminous wearing sur- 
face is less than that which can be obtained with the 
minimum depth of brick and bedding course, the method 
is to depress the base course a sufficient amount beneath 
the brick gutter or parking strip, so that the finished 
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surface of the pavement proper and the gutter will come 
together at the same elevation. 

On narrow gutters because of the width and its prox- 
imity to the curb, it may not be possible to use the reg- 
ular three ton roller to roll the brick. In this case hand 
tamping, done carefully and thoroughly, will provide an 


even surface to the brick gutter. In the wider gutters 
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Typical Designs for Brick Gutters 


and parking strips it is frequently practicable to use a 
roller on the brick. 

In receiving bids on brick gutters and parking strips, 
built in conjunction with bituminous pavements, it is gen- 
erally customary to have the bid on the pavement proper 
include the cost of the constryction of the brick gutter 
or parking strip. 
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Recommended List of Standard 
Paving Brick Revised 


For the 12th consecutive year the Permanent Com- 
mittee on Simplification of Variety and Sixes of Vitri- 
fied Paving Brick of the U. S. Department of Commerce 
met in Washington, D. C., on April 14, 1932. After a 
thorough consideration of the report of shipments in 
1931, and a comparison of trends in other years the 
committee recognized the following list as standard: 


Size, Per cent 
Width. Length. Shinr>ved, 

Type In. In. In. 1931. 
Vertical fiber 23 


lugless...... 2% x 4 

Vertical fiber lugless...... 3 x 1 

Repressed lug : eeeve 4 x 31% 

Wire cut lug (Dunn)...... 4 x 2 
3 


Depth. 


3%, 
Wire cut lug (Dunn) 3% 
Vertical fiber lug . 1 
The above sizes and types in 1931 constituted 


the total shipments. 


75.9 per cent of 


By its action the committee eliminated from the recog- 
nized list the 314 in. x 4 in. x 8% in. vertical fiber lugless 
brick which, during the past three years, has averaged 
only 2.8 per cent of the total shipments. At the same 
time, it added to the list the 3 in. x 4 in. x 8% in. 
vertical fiber lug brick which in 1931 constituted 22.6 
per cent of the total shipments. 

The survey of shipments in 1931 showed an abruptly 
marked increase in the use of the vertical fiber lug paving 
brick. This is due to recent extensive adoption of new 
methods in the manufacture of this variety. Almost 29 
per cent of all shipments in 1931 were of this type. 

Before adjourning the committee re-elected Geo. F. 
Fisk, chairman, and A. B. Galt, secretary. A resolution 
was passed thanking the National Paving Brick Associa- 
tion for compiling the report of shipments and request- 
ing its co-operation in a similar capacity in 1932. 
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Public Works Program Will Employ 
Many Men 


Appropriations necessary to employ a given number 
of men for a year on road building may be estimated 
from the employment records of 1931 on Federal Aid 
highways as $1,000,000 for each 3,000 men laboring 
directly on the highways, states T. H. Cutler, President 
of the American Road Builders’ Association. 

The figures on which this estimate is based were pre- 
sented before a committee of Congress by the American 
Association of State Highway Officials, and they were 
derived from reports of actual expenditures and men at 
work,” declared Mr. Cutler. “In 1931, about a billion 
dollars was expended on state roads and the average 
direct employment was 270,891 men per month. 

“It is a commonly accepted figure that two men are 
employed in the preparation ‘of materials, transportation 
and similar activities occasioned by highway work in 
progress for each man laboring directly on the roads. 

“To employ 1,000 men three months on grading work 
on roads, the U. S. Bureau of Public Roads estimates 
the following program: 

Teams and scrapers—1,000,000 cu. yd., 
000 to $315,000. 

Power shovels served by trucks and teams—1,400,000 
cu. yd., costing $445,000 to $650,000. This material is 
hauled long distances, which costs more money. 

Other forms of construction than road and street 
building employ many men, but it is doubtful if any 
public construction work is as widespread and affects 
the laboring man more than highway work,” continued 
Mr. Cutler. “On grading for roads, a large part of the 
money goes for labor, employing from 2,000 to 5,000 
men for each million dollars expended. In the con- 
struction of pavements, from 80 to 90 per cent is paid 
directly or indirectly for labor. 

“Proposed public works programs now before federal, 
state, county and city governments provide an effective 
means of reducing the number of idle men and bringing 
about needed public improvements at a time when the 
dollar will buy as much more than it would two years 
ago. Spending $1,000,000,000 for. public works will 
provide employment for 300,000 men full time on the 
roads and 600,000 men part time in quarries, machine 
shops and on the railroads—nearly a million employed,” 
he concluded. 


costing $185,- 
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Virginia State Highway Department to 
Take Over County Roads 


The State Highway Department in Virginia, on July 1, 


under a law enacted by the 1932 legislature, will take 
over all county roads. Prior to the passage of the act 
taking over the county roads the state returned to the 
county 2 ct. per gallon of the gasoline tax. Under the 
new arrangement no gas tax funds will be returned to 
the counties. This will materially increase the main- 
tenance expenditures and probably add somewhat to the 
construction expenditures. 

The plan adopted in taking over the county systems 
is almost identical with the one put in operation last year 
in North Carolina except that in Virginia the counties 
have the privilege of holding a special election after 
July 1 and by a majority vote of those participating in 
the election can reclaim their county highway system, 
and at the same time get back from the states the gas 
tax revenue. The North Carolina plan did not carry 
such a recapture clause. 
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GASOLINE TAXES IN 1931 


Table Compiled by U.S. Bureau of Public Roads from Reports of State Authorities, Showing 
Tax Earned on Motor Vehicle Fuel, etc., Refunds, Disposition of Funds, and Gallons Taxed, 








Disposition of grand total earning, according to law | Tax rate, 1931 Kat Ea AR 
| 


Other - _| a 
Exemption | ,, receipts, | Grand total | 
refund (de- | pete ee under tax earning (tax Construction and mainte- | | Cents per j 
ducted from vehicle fuel! | [aw (li- and otter | Collection nance on rural roads State and For other gallon Per- 
gross tax) censes, receipts) and ad- ‘ | County road . y | than bigh- |_ - | Net gallons cent- 
ete.) } geet | bond pay- way pur- | taxed age 
| y c : = 5 
| oneyP Local roads3| ™ments * poses | Jan. 1 |Dec. 31 change 


Gross tax 
assessed 
prior to 
deduction 
of refund 


Alabama | $7, 197, 47 . 197, 47 . 4 7 $16, 644 . 3 $3, 248. 655 . 728, 058 |. ee 
Arizona : 3, 3 BY ® 2: 2 977, 4 . — om 
Arkansas . OF ’ q . ? 20, 000 787, 846 , 282, 399 * $50, 000 
California , 588, 156 74, 3, an 39, 863, @ 124, 632 . D 13, 233 850 . scecs "37, 455 
C olot ado 7 Ta 5. , 24, 3 6, 254, 3 " 67, 379 , 33 1, 670, 479 » ead a 
Ceonpecticut | 4, 732, 7 x 48, 759 | .- my . y 
Delaware ‘ ‘ 7 BI on | 1, O72, 061 (#) 33, 538, 180 s | . 
Florida ay 4 .17 32, 050 5, . 2 " 32,050 5, 781, 423, 555 ts 5, 781,047 |... 1 3, 000, 520 
. | 4,2 2, 2, 218, 217 _ <0 2, 218, 216 
"11, 061 2, 608, 427 #30, 35 325, 833 #3 242, 594 |... ° ose #4 10, 645 
y (**) | eee ‘ 


162, 670, 816 
64, 701, 865 
110, 579, 175 
1, 328, 787, 915 


enevusee 


8, 972 


1 
reeves ouuw= 


Kentucky , 390, . . 13 2, 864 
Louisiane , 398, q , 397, 

Maine 226, |, 382, 7: * 56, 647 
Maryland x 6 . 
Massachusetts 573, 81! a7 ° 
Michigan 908,116 | 2,075, 76 21, 882, 347 ¥ 40, 293 
Minnesota . 

Mississippi 

Missouri 

Montana 

Neb — 

Nevac 

New Howpebire 

New Jersey 

New Mexico 

New York 

North Carolina 

North Dakota 

Obie 

Oklahoma 7 ' i, 665, “32 

Oregon 5. 935, 83 , 903 6, 186, 918 
Pearsylvania a ¢ 7, 305 32, 452, 677 4 735, 913 
Rhode Island 3, , 49% 1, 892, 635 3, 640 
South Carolina 27 28, 45 7, 245, 989 on 
south Dakota 5, 157, 175 » 762, 5 3, 394, 675 

Tennessee . 461, 023 il, borg 

‘Texas 3, 462, 88 . , 33: 30, 514, 5 

Utahe 3 

Vermont 

Virginia . . , 21 

Washington 112% 7 1, 280, ll, 032, 462 

West Virginia | 5,665,2 y 5, 387, 217 

Wisconsin... , 471, 10, 867 15, 780, 181 

Wyoming 1, 587, 1, 587, 014 

District of Columbia , 740, | 3, 726 1, 726, 296 


536, 397, 458 1, 192,250 | 537,589,717 | 2,117,317 | 354,017, 281 


-}i# 1, 879, 556 
8 75, 000 | 
"i 40, 293° 


225, 220 


—e— 
PSPSPS KPKPYNSLIAMWSs 
s 
! 
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252, 483, 145 
52 155, 052, 787 


8 
% 1, 928, 570 
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enBreeBp=: 
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#1, 241, 812 
} (*) 
. 736 © 4, 199, 274 


© 


© 7,628, 640 


* 


() 

278, 906 
33, 564 ; - 
: 3, 325, 872 
, 830, 273 , 514,493 . “* 1, 797, 646 
, 129, 841 | 395, 279 56, 000 


w 
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kk eee ee 
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86, 314, 800° 





- 
+ 


| oe 

} 100, 073, 959 | * 42,488,535 | 19,449, 888 | 19, 442, 737 Weighted average | | 15, 407, 650, 452 
} | rate, 3.48 cen 

. 








‘Net gasoline tax earned after deduction of refunds allowed by “Paid from state general fund, $13,000. 
law. *Special taxes collected in two counties for sea—wall financing. 
“Many states pay collection cost from other state funds, and Includes $5,881 to state accounting department for auditing. 
such are noted. Administration cost here includes balances allo— *For sea-wall portecting road. Derived from extra gas taxes 
cated to reserve funds for administrative purposes, and amounts in Harrison County (2 cents) and Hancock County (3 cents) 
are noted shown in other receipts, $127,172; and the remainder from state 
‘Since this table covers the calendar year earnings, but not highway system share of gas tax receipts. 
the actual collections during the year, these columns are not com— A mount assignable to sinking fund for bond payments, in- 
parable with similar columns in the financial tables, F-1 and cluded in state highway fund column. 
F-4, issued by this bureau, which cover different periods fixed “Paid by tax commission which collects taxes: Amount not 
by state and local agencies; also certain funds are allocated to reported. 
bond payments shown in next column. “Paid by motor-vehicle department: Amount not reported. 
‘Payments are for state highway bonds, except as noted. “For inland waterways under Department of Commerce and 
‘Shows per cent increase or decrease (—) compared to net gal- Navigation. 
lons reported in previous year. “Includes balances in suspense fund and operating fund of 
*Paid from state highway budget, $16,556. $28,318. 
‘Estimates reported. “Loans to motor-vehicle department and public-auditing de- 
‘Ine ludes payments on county bonds, $3,395,828. partment. 
*"For expenses of motor-vehicle department. *Paid from state general fund, $75,463. Amount shown is for 
“Includes $61,857 for next 6 months’ expenses, in reserve. reserve to pay refunds. 
''\FPor expenses of transportation license tax division. “To New York City general fund. 
Includes all expenses of state inspector of oils, and special “Includes $1,381,146 payments on county road bonds. 
expenses for shale-oil investigation in cooperation with tr Ss. “For state highway patrol and administration expenses of state 
Bureau of Mines. revenue department. 
“Excludes tax on 11,254,626 gallons exempted when purchased. “Includes $8,237 to reserve for refunds. 
“Expenses of $30,000 paid from motor-vehicle fees. “Dealers’ license fees credited to state general fund. 
“Paid from state treasury funds. "Consists of $1,000,000 special emergency relief for destitute 
“Includes $349.355 as payments on county road bonds and remainder for distribution of field and garden seed. 
Includes $11,690 gasoline tax reserve fund, assigned to admin- Payments reported from motor-vehicle fees, instead of assign- 
istration. ing a pro rata share to gasoline taxes. 
“Payments on county road bonds. “Includes approximately 3,118,610 gallons of distillate taxed at 
“Consists of $200,000 to permanent fund for state buildings of 3% cents per gallon. 
higher learning, $1,917,773 for county schools and $882,747 to state “Including expenses of department of revenues prorated to 
general revenue fund. gasoline taxes. 
“To an equalization fund for public schools. “Consists of delinquent collections of previous years, penalties, 
“Includes $10,645 collected on 212,905 gallons sold for airplanes. and fines. 
“Includes $17,007 to reserve for refunds. “Paid from motor-vehicle fees, $15,737. 
“To state treasury note redemption fund. Paid from state tax commission appropriation: Amount not 
‘To an aviation fund, being amount of aviation gas tax. reported. 
“Excludes 212,905 gallons sold to airplanes and taxed. ‘Includes all payments on state highway bonds, as pro rata 
*County bond payments from gasoline tax included in local share not reported in disposition of motor-vehicle receipts. 
roads “Includes $31,602 to reserve for refunds. 
Paid from state general fund, $15,000. e041) state highway bonds retired on Jan. 15, 1931, by funds 
mt ‘onsists of $939,778 for State Board of Education and $939,778 previously accumulated. 
for Boards of Commissioners of Ports of New Orleans and Lake “Includes county road bond payments, $2,089,184. 
Charles Harbor. fA tax of 6 cents was effective July 1, 1931, to Dec. 19, 1931. 
“Consists of 1 cent tax on all sales of gasoline not used by ®*For free—school fund. 
motor vehicles ‘Paid from motor-vehicle department appropriation, estimated 
“To conservation department for oyster propagation, $2,000. 
"Paid from state general fund, $22,500. Transfer to motor-vehicle department. 
“Consists of taxes on gas used in aeronautics and aeronautic * Paid by state appropriation, $14,096. 
licenses ‘Paid from motor-vehicle fund, $10,000. 
“Amount for city streets reported under state highways. **Dealers’ license fees paid into general funds. 
“Consists of $38,108 from tax on gas used in aeronautics as- *"Payments on county road bonds. 
signed to state aeronautic fund and $2,185 collected from licenses Includes payments on county road bonds, $27,451,735, on state 
to state general fund. highway bonds, $14,794,206 and in note fund, $242,594. 
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Efficiency Studies of Highway Grading 
Operations 


By 'T. C. THEE 


Assistant Highway Engineer, Division of 





HE division of management of the U. S. Bureau 
of Public Roads has completed its third year of 
intensive field studies in Wisconsin of the methods 

and practices of highway construction to determine how 
production may be increased and unit costs reduced with- 
out any sacrifice of the standards of quality required by 
the Wisconsin Highway Commissions and the Bureau 
of Public Roads. The results of the studies of grading 
operations in 1931 on Federal Aid projects 433-AB and 
385-BC in Washburn and Barron Counties are presented 
herewith. 

General Conditions.—The studies of the grading oper- 
ations on Federal-aid projects 433-AB and 385-BC were 
conducted from Sept. 14 to Nov. 21, 1931. These proj- 
ects consisted of a 37-ft. 8-in. width roadway, 24 miles 
in length, from Rice Lake to Spooner, Wisconsin. The 
road is a new location of U. S. Trunk Highway No. 53. 
The estimated quantities for the project include 490,000 
cu. yds. of earth excavation ; 9,900 cu. yds. of loose or 
solid rock excavation; and 37,000 cu. yds. of borrow. 
The bid price was $0.205 per cubic yard for earth and 
$0.60 per cubic yard for loose and solid rock excavation. 

Approximately 175,000 cu. yds. of excavation were 
sublet, this being the section from Rice Lake to one mile 
north of the Barron-Washburn County line. A 1% cu. 
yd. gas shovel and a 42 in. elevating grader with tractor 
power take-off were used by the subcontractors. The 
sections on which this equipment was used is referred 
to in the subsequent tables as Job 3 and Job 4, respec- 
tively. 

The general contractor had a 1% cu. yd. gas-air shovel 
which was used on Job 1, and a 42-in. elevating grader 
equipped with an auxiliary engine for the belt which was 
used on Job 2. 

How the Studies Were Made.—To determine the ef- 
ficiency of operation, the amount and kind of delays, 
and the possibility of further increasing production and 
reducing unit costs of operation, stop-watch studies were 
made of the elevating graders and shovels as well as of 
the different types of hauling units used. At least one 
l-hour study was made of the shovel each morning and 
each afternoon. The time required to load, swing, dump 
and return was recorded, together with the depth of cut 
and angle of swing. If the shovel cycle of load, swing, 
dump and return was interrupted due to insufficient haul- 
ing units, moving, or anything else that would delay 
cperations, the amount of time for the particular delay 
was recorded in seconds. This was classed as a minor 
delay if it were for less than 15 minutes. If the shovel 
was delayed for 15 minutes or more it was classed as a 
major delay. 

Not only delays can be eliminated by managerial fore- 
sight ; therefore, both the minor and major delays were 
listed separately as Class A, or unavoidable, and Class B, 
or avoidable. 

Results of these studies were tabulated and weekly re- 
ports given to the subcontractor for his information. The 
grand summary of the data collected thus is given in 
Tables I and II for Job 1 and Job 3 for the shovels used 
by the general contractor and the subcontractor, respec- 


tively. 
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TABLE I—MAJOR AND MINOR DELAYS ON 
JOB 1 


Total Major Delays Occurring During Available Working Time 








c—— Class A=" 7— Class B—— 
Per Per 
Character Hours Cent Hours Cent 
Shovel, mechanical....... 29.39 4.20 
SEES 3.53 
PED oo ccsanasuceewe 19.28 2.75 
rere er 2.75 0.39 
RE ORS Ree eee 0.25 0.04 
Tractor, mechanical...... 0.25 0.04 
ED awit chal on ates 76.67 10. 95 sere - iba 
Hours’ Per Cent 
Grand Total (Classes A and B).............. 76.67 10.95 
Time major equipment actually operated...... 623.43 89.05 
Total available working time............... 700.10 100 


Total Minor Delays Occurring During Time of Actual Operation 


~— Class A—— c— Class B-—— 








Per Per 
Character Hours Cent Hours Cent 
IN tin $0 seiiceee wcuon 60.96 9.78 1.32 0.21 
SE hc acta swesn a ane 17.52 2.81 15.06 2.41 
ee ee 12.51 2.01 4.41 0.71 
Haul unit, supply....... 1.19 0.19 7.07 1.13 
Haul unit, operation..... 2.46 0.39 5.00 0.80 
Shovel repairs........... 7.34 1.18 0.25 0.04 
SE Sita nicadenanns 0.51 0.08 2.86 0.46 
Rocks, roots, stumps..... 2.28 0.37 meee basen 
Engine trouble ......... 1.59 0.25 
Wee OPOME 6c cccaccesces 0.89 0.14 aaa coat 
Miscellaneous .......... 0.77 0.12 0.04 0.01 
WED ckviveecccudene 108.02 17.32 36. 01 ey 
Hours’ Per Cent 
Grand Total (Classes A and B)..........06: 144.03 23.09 
Time major equipment operated at 100% eff- 
BE ioinks dcndncncniseimnieskakes 479.40 76.91 
Grand total all Class B losses (avoidable) 
I er ae ee te en En 36.01 5.77 
Possible operating time, all Class B losses elim- 
ee I rer Te ae 
Overall efficiency of major equipment opera- 
CRE Se IG oa ba ds hceedvcack cena meeaentes 93.01 
TABLE II—MAJOR AND MINOR DELAYS ON 
JOB 3 


Total Major Delays Occurring During Available Working Time 


— Class A—— —— os 








Per Per 
Character Hours Cent Hours Cent 
Moving shovel ......... 12.61 3.43 1.75 0).47 
NN tate rel giacsclaing aa Ware ace ae 30.75 8.37 2.25 0.61 
i 2. er 12.12 4.65 giecats 
Rocks, roots, stumps..... 0.85 0.23 pias ghar 
Pe CUE cin sc cccck 0.50 0.14 0.25 0.07 
Shovel, mechanical....... 0.25 0.07 ees ee: 
Caterpillar, mechanical... 0.25 0.07 
are 1.78 0.48 
SHOVEL FORGE oe ccccs cys 5.30 1.44 eee A 
Engine trouble ......... 4.00 1.09 0.50 0.14 
OS err ere eer aaKael 0.25 0.07 
Checking grade ......... wade an 0.50 0.14 
WOME: xvbbbhasdcvavas 73.41 19.97 5.50 1.50 
Hours Per Cent 
Grand Total (Classes A and B).............. 78 91 21.47 
Time major equipment actually operated...... 288.59 78.53 
Total available working time.............. 367.50 100 
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Tas_e II—(Continued) 


Total Minor Delays Occurring During Time of Actual Operation 


7— Class A-—— e—— Class B= 
Per Per 
Character Hours Cent Hours Cent 
Hauling supply ......... =e eae 42.68 14.80 
Hauling operations...... 0.77 0.28 6.78 2.35 
Moving shovel ......... 24.16 8.37 0.13 0.06 
Rocks, roots, stumps..... 4.80 1.66 0.07 0.02 
OO eee ee 5.99 2.08 4.40 1.52 
ar las Corer al 9.08 3.15 6.74 2.33 
SE (coca neanawniees 0.54 0.19 5.19 1.80 
Checking grade ......... ae aoa 0.96 0.33 
Tractor, mechanical...... 0.48 0.17 ere een 
Shovel repair ........... 4.02 1.40 0.22 0.07 
eee 1.96 0.68 0.29 0.10 
Miscellaneous .......... 0.79 (0.27 2.26 0.78 
PEE accseerecansace Eee 18.25 69.72 24.16 
Hours’ Per Cent 
Grand Total (C'asses A and B)........ccccee 122.31 42.41 
Time major equipment operated at 100% effi- 
EE RG ILE PRE Paani eGo 166.28 57.59 
Total all Class B time losses, hours........... 75.22 
Possible operating time, all Class B losses elim- 
Ne od 241.50 
Overall effciency of major equipment opera- 
Se OE bacbanndaccabecthenetocsawane icliors 68.80 


93% Efficiency Obtained on Job 1.—Job 1 obtained a 
commendable record of operating at the efficiency rate 
of 93 per cent. The required number of hauling units 
was maintained as well as operated properly. The angle 
of swing of the shovel was kept small and only rarely did 
it become greater than 60°. The average over the whole 
job was slightly over 45°. The shovel operator not only 
maintained small angles of shovel swing but kept the 
loading time and the dumping time at a minimum. The 
hauling unit operators were on the alert not to delay op- 
erations either at the shovel or at the dump. 

One hundred and forty-four hours, or 23 per cent of 
the actual operating time, were lost due to small delays 
of a few seconds in duration, of which 108 hours or 17 
per cent could not be eliminated through the management 
of the outfit. This leaves but 36 hours, or about 6 per 
cent of the time lost, due to unnecessary stopping, haul- 
ing unit operation, shovel repairs, etc., as shown in 
Table I. 

Operations on Job 3.—On Job 3 about 15 per cent of 
the actual operating time was lost due to lack of sufficient 
hauling units, and a little more than 2 per cent was lost 
due to the operation of the hauling units as shown in 
Table Il. These two items were contributing sources to 
the low efficiency of 68.8 per cent. 

Of the available working time of 367.5 hours, a total 
of 122.3 hours was lost due to minor delays consisting of 
a few seconds that cannot be readily detected by casual 
observation but must be obtained by stop-watch study. 
A total of 78.9 hours was lost due to delays of 15 min- 
utes or more. One can readily appreciate from this how 
delays of a few seconds each can rapidly accumulate to 
consume possible profits and turn them into financial 
losses. 

By proper management during the available working 
period of 367.5 hours losses totaling 75 hours, or over 
20 per cent, could have been eliminated. 

Comparative Analysis—A comparative analysis is 
made in Table III of the pertinent data relative to the 
shovel jobs—Jobs 1 and 3. It was primarily due to vari- 
ation in efficiency of shovel operation that a cycle of load, 
swing, dump and return of 15.9 seconds was obtained on 
Job 1 versus 18 seconds on Job 3, or 218 versus 192 cu. 
yds. an hour of possible production when operating at 
100 per cent efficiency. An earned advantage of 26 cu. 
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TABLE III—SUMMARY FOR 144 YD. SHOVELS 








Job No. 1 Job No. 3 

Available working hours ............++. 700.10 367.50 
Total hours, major delays. ............0.. 76.67 78.91 
Per cent working time lost in major delays 10.80 21.47 
Hours equipment actually operated........ 623.43 288.59 
Per cent working time equipment actually 

IE ins < cular sh pees eraee eas 89.00 78.53 
Total hours lost due to minor delays..... 144.03 122.31 
Per cent actual operating time lost due to 

ROE UINE icici cnsecsdewcscsoncaons 23.09 42.41 
Hours equipment actually operated at 100% 

CE 4205ncdcbeadnn pondads beaceanee 479.40 166.28 
Per cent working time equipment operated 

OE Fe I sk rkdeukesescrssecives 68.40 46.50 
Total of all avoidable time losses in hours 36.01 75.22 
OVERALL EFFICIENCY MAJOR 

EQUIPMENT OPERATION ....... 93.01 68.80 
Total actual production in cubic yards.... 104,680 31,927 
Loading time, seconds.......cccccccccecs 5.6 6.4 
EE sp eticcedac cd Wikeane bane eeaa ee een 4.7 48 
EE ania ard wo ceric are ad oom GTA a Aes eke at 1.0 1.8 
DN bbe o co eae Wee Gord iene 4.6 5.1 

TOME CH, DOME Biincccicstconensacx 15.9 18.1 

Actual average dipper load in cubic yards. 0.964 0.965 
Actual cubic yards per hour.............. 168.00 110.50 
Actual dipper loads per hour............. 174.00 114.40 
Cubic yards per hour possible at 100% 

DE . cugsnaouenwancrkhiw hand wa wee 218.00 192.00 
Actual dipper loads possible at 100% op- 

EN 6 bwin cau deca seen rhs een Racde mae 226.00 


199.00 





yds. per hour was thus obtained by the more efficient 
operator. By good management only 36 out of 700 avail- 
able working hours, or 5.1 per cent, were lost due to 
avoidable delays on Job 1, while on Job 3 out of 367 
available working hours 75 hours, or 20.4 per cent, were 
lost due to avoidable delays. 

In terms of cubic yards an hour these data show that, 
due to better shovel operation and management, Job 1 
obtained an average of 168 cu. yds. an hour, while only 
110.5 cu. yds. an hour were moved on Job. 3. This dif- 
ference of 57.5 cu. yds. an hour, or 575 cu. yds. in 10 
hours, represents a large loss. 

Elevating Grader Studies —Tables IV and V_ sum- 
marize the grand average of the studies made of elevat- 
ing graders operated on Jobs 2 and 4. An overall effici- 
ency of 93 per cent was obtained on Job 2, while on Job 
4 only 69.7 per cent efficiency was obtained. 

A total of 114.5 hours or 20 per cent of the actual 
operating time was lost on Job 2 from the accumulation 
of minor delays each of but a few seconds in length. 
However, only 34.28 hours or 6 per cent of the actual 
operating time were lost due to avoidable delays—the 
majority of which were due to lack of a sufficient number 
of hauling units and to poor operation of those in use. 

On Job 4 a total of 52 hours or 35 per cent of the 
actual operating time was lost due to minor delays, with 
35 hours or 23.6 per cent of the time lost due to avoid- 
able delays. These were caused primarily by having an 
insufficient number of hauling units on the job. 

Table VI shows that 6.8 per cent of the working time 
was lost due to major delays on Job 2, and 21.5 per cent 
was lost due to major delays on Job 4. A total of 34 
hours, 5.6 per cent was lost due to all avoidable losses 
on Job 2, and 42 hours or 22 per cent were lost due to 
all avoidable losses on Job 4. 

On Job 2 the tractor pulled the elevating grader 
faster; the exchange time between loads was lower ; and 
the plow-shaker maintained a ribbon of dirt approxi- 
mately 1.00 sq. ft. in area, while the plow-shaker on Job 
4 obtained only 0.845 sq. ft. Thus, if both jobs could 
have operated at 100 per cent efficiency, Job 2 would 
have produced 245 cu. yds. per hour, while on Job 4 the 
possible production would have been only 230 cu. yds. 
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TABLE IV—MAJOR AND MINOR DELAYS 
ON JOB NO. 2 
Total Major Delays Occurring During Available Working Time 


c—— Class A= 7— Class B—— 




















Per Per 

Character Hours Cent Hours Cent 
BD cas een enka 4.02 : 
BE shinwdandices seus 6.82 1.12 
Elevator, repair......... 8.74 1.43 
CR, DOE on odo osccce 1.00 0.16 
Vater in gasoline....... 0.29 0.05 
MIEN oc cvcecnsincs 0.28 0.05 

RR ees 41.63 6.83 eas ep 

Hours Per Cent 
srand Total (Classes A and B)..........0.0. 41.63 6.83 

‘ime major equipment actually operated...... 569.35 93.17 
Available working hours........ccccccccccces 610.98 100 
[otal Minor Delays Occurring During Time of Actual Operation 

a Cee. Ae r— Chass B= 
Per Per 

Character Hours Cent Hours Cent 

{aul unit, supply....... 2.23 0.39 18.37 3.22 

{aul unit, operation..... 8.82 1.55 9.40 1.65 

Jead heading ........... 34.30 6.04 1.16 0.20 
Se 0.62 0.11 2.61 0.46 
WOGCL, TEMA 2. ccsccss 9.48 1.66 0.43 0.08 
2levator, trouble ....... 7.04 1.23 0.95 0.17 
‘levator, repair ........ 3.01 0.53 ey eats 
ae eee 3.06 0.54 0.12 0.02 
Rocks, roots, stumps..... 4.39 0.77 0.17 0.03 
Wn OEE ndcnckssnvnss 2.60 0.46 0.04 0.01 
Fuel, oil, gas, water..... 2.24 0.39 0.42 0.07 
Miscellaneous .......... 2.45 0.43 0.61 0.11 

WE accnid-sciaeteninn 80.24 14.10 34.28 6.02 

o Hours Per Cent 
Grand Total (Classes A and B)............. 114.52 20.12 
lime major equipment operated at 100% effi- 

CE icacactasdhteatanbass nd weneeennenes 454.83 79.88 
Grand total all Class B time losses, hours..... 34.28 vanes 
Possible operating time, all Class B losses elim- 

DEE oi Lintera wactaci dd ee Sine a Owen N ees 489.11 
Overall efficiency of major equipment opera- 

Se, UE isk a 4 eo ke ceeesasdesnceaassnnee< ions 93.00 


TABLE V—MAJOR AND MINOR DELAYS 
ON JOB NO. 4 
Total Major Delays Occurring During Available Working Time 








p—— Cia A a (ies BO 
Per Per 
Character Hours Cent Hours Cent 
Grader repair .......... 9.50 5.03 2.90 1.53 
Elevator repair ......... 5.91 3.12 3.30 1.75 
RE Se ee ee 8.17 4.32 
Trimming ditches ....... 5.00 2.64 eg ne 
Elevator trouble ........ 3.04 1.61 0.28 0.15 
Oe ee 1.89 1.00 
Tractor engine trouble... 0.27 0.14 xr nein 
RE < cuccanwenaews meee 0.50 0.26 
TS “cddnesaeudeenede 33.78 17.68 6.98 3.69 
Hours Per Cent 
Grand Total (Classes A and B).............. 40.76 21.25 
Time major equipment actually operated...... 148.24 78.45 
Total available working time................. 189.00 100 


Total Minor Delays Occurring During Time of Actual Operation 
-— Class B 





Cees AK 


Per Per 
Character Hours Cent Hours Cent 
Hauling unit, supply.... ..... cae 27.69 18.68 
CE OR oc ccccs cic 8.31 5.60 1.21 0.82 
Hauling unit, operation.. 0.22 0.15 3.39 2.29 
Elevator trouble ........ 2.13 1.44 0.41 0.28 
PE ccwacacncuane ris 2.20 1.48 ieee ae 
[Tractor engine trouble.. 0.85 0.57 0.28 0.19 
CRE GRIDS cnc ccccs esses ; 0.98 0.66 
Ce GO bi cicssices 0.78 0.53 
Me MED eecbodackeres 0.71 0.48 
rear ee 0.67 0.45 
Rocks, roots, stumps..... 0.51 0.34 ts cea 
[Tractor operator ....... satis ee 0.50 0.34 
Miscellaneous ........... 6.65 0.44 0.55 0.36 








BORD cvcscccesccsae's 17.03 11.48 35.01 23.62 
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Hours Per Cent 


Grand Total (Classes A and B).............. 52.04 35.10 
Time major equipment operated at 100% efh- 

COE cixdncicdtoncakceoasccutebeadenasues 96.20 64.90 
Grand total, all Class B time losses, hours.... 41.99 waned 
Possible operating time, all Class B losses elim- 

RN WE oor rack as we sae eS Maa ais 138.19 
Overall efficiency of major equipment opera- 

GR ME 5 h.5 bch vob kekooeka pees weawors ape 69.70 
TABLE VI—SUMMARY FOR ELEVATING 
GRADERS 

Job No.2 JobNo.4 
Available working hours................. 610.98 189.00 
Total hours lost due to major delays...... 41.63 40.76 
Per cent working time lost due to major 

OS rr ne ee 6.83 21.55 
Hours major equipment actually operated. 569.35 148.28 
Per cent working time equipment actually 

CE : 66k cow ceeninkebanoepanadss 93.17 78.40 
Total hours lost due to minor delays..... 114.52 52.04 
Per cent actual operation time lost due to 

Se SE oc acendeasna senna cs 20.12 35.10 
Hours equipment actually operated at 100% 

En cbibch eds cccanbcennseiens. es 454.83 96.20 
Per cent working time equipment operated 

OR eee. ST cc ccauntabnwacnaneea 74.40 50.80 
Total of all avoidable losses in hours..... 34.28 41.99 
OVERALL EFFICIENCY OF MAJOR 

EQUIPMENT OPERATION ....... 93.00 69.70 
Loading time in seconds.........scccsecs 69.60 64.90 
LSS err 178.17 159.65 
Exchange time per load, seconds......... 5.80 6.10 
Turning time of grader, seconds......... 40.40 38.80 
Speed of grader, feet per second......... 2.56 2.46 
Average size of load in cubic yards...... 6.60 5.00 
Average cross section of elevator plow cut 

Ee . 5. chdeaia cede swnmee eens 1.00 0.845 
Cubic yards per 100 seconds of loading... 9.48 7.72 
Total cubic yards moved during study.... 111,372 22,166 
Actual cubic yards moved per hour...... 195.00 149.30 
Cubic yards per hour possible at 100% 


GES oni cacicansaan ceca enedeennt 245.00 230.00 


per hour; which gives the better plow-shaker an advan- 
tage of some 15 cu. yds. an hour, or 150 cu. yds. in a 
10-hour day. 

The combination of good management and efficient 
equipment operators resulted in one job showing an 
actual production per hour of 195 cu. yds. while the 
other attained only 149.3 cu. yds. per hour,—a difference 
of 45.7 cu. yds. per hour. 

Operating Characteristics of Hauling Units——To de- 
termine the operating characteristics of the hauling units 
stop-watch studies of them were made at intervals dur- 
ing the entire period the project was under observation. 

Using the information thus collected to substitute in 
the hauling formula given below, it was possible to ascer- 
tain the necessary number of units for any given haul. 

Studies of Hauling Units —The summary of the stop- 
watch studies made of the hauling units used on Job 1 
is as follows: 

Total —- 


Number of vehicles studied................. 628 

Size of londs, cubic yards......0ccrccvcscce 4,236 6.75 
EE EE eae 324.0 
Loading time, seconds. .............000.005 84,717 134.9 
SOR CE, BOUIN g diais wcsncindacbdancas 40,428 64.4 
I, BI oie ok ds occa dewccdecian 19,382 30.9 
Dumper tbe, SOCONGS.. . 0.6.0 cei ccsccens 7,060 11.2 
Returning te, SOCOMES.. oo... .c ccc ccccscess 45,380 72.3 
Watts OF GOIMyS, SECOIB. 6 oon cicccccosescves 57,730 91.9 
Total round trip time, seconds..............254,697 405.6 
Returning distance, feet...................-224,680 358.0 
Average speed hauling units, feet per second. .... 5.0 





Let S= average speed of hauling units in feet per 
second. 

‘== time constant in seconds; the time required to 
dump, turn, and miscellaneous delays, but not 
including the loading time. 
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t == time to load in seconds. 

L= length of haul in feet. 

N = number of hauling units required for the given 
haul length (L). 











Then wagon-loads per hour per unit = 


2L 
—+T-+t 
S 
3600 
Number of wagon-loads produced by shovel = ———— 
t 


Then the required number of units for the given haul 
length L is: 
1 2L 
N =— (——+ T) + 1 
t S 
So that the data for this type of 7-cu. yd., tractor- 
drawn hauling unit can be used for other shovel jobs, a 
graph (Fig. 1) has been made up with variable loading 
time, t, and variable hauling length, L. The new equa- 
tion becomes : 
l L 
N = — (—— + 42.1) + 1 
t 25 
For example, if the haul length is 600 ft. and the time 
required to load one 7-cu. yd. wagon is found to be 
140 seconds, substituting in the above equation gives the 
following result: 
l 600 
N =— (—+ 42.1) + 1 
140 2.5 


Then N = 3.02, or for practical purposes 3 hauling units. 
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This same solution may be obtained quickly by the 
use of the graph (Fig. 1); by entering it from the bot- 
tom of the chart at the 600-ft. haul length and proceed- 
ing to where the load time is 140 seconds, and then ob- 
taining the answer at the left or 3 hauling units. In ad- 
dition to loading time to be used as an index of produc- 
tion, the equivalent is shown as cubic yards of materia! 
moved per hour and is drawn on the graph along with 
the loading time. 

By anticipating the haul length, a contractor can tel! 
by the use of such a haul graph what will be a sufficien: 
number of hauling units on the job; or, if two separate 
outfits are used on the job, the contractor can balance 
the hauling units to the best advantage of production. 
This was done on Jobs 1 and 2. 

The following data summarize the hauling studies 
made on the elevating grader used on Job 2: 


SUMMARY OF HAULING STUDIES MADE ON 
THE 7-YARD TRACTOR-DRAWN 
HAULING UNITS 


Average size of load, cubic yards. ........ccccccccecccee 6.68 
EE EL OE SET LE EOE CREE EE 345.0 
Time in Seconds: 
Ey SE, wk VausGu oes aKEER ED bbe Reed taken enon 69.6 
PEE chepessbasnensscecss ithbhentebs heeedeneeNinnd 74.7 
ED SD cp acinactsaeesweseteeustésoucesGneneuan 84. 
Chea Suan este and ee ke aadeseaeae 20.1 
DT s0.5dbe0eads6besbeeee steed ctnaetenweeeeeweubon’ 29.4 
DL  cicvedsendesenndusesdadsioeeendnenusqepeneeeds 8.3 
I 8 eerie ate ere lade Richa tek ate lineal a ee 75.3 
pS eR er np oa SR Pent em are ee Be ALE 15.4 
PN: ecncdnndvnetecetenuenssetesncedsesonsendudease 97.7 
i Cee ee, DN. chi nuendeceenataneedacndaaw 414.3 
Round trip speed of hauling units, feet per second........ 4.58 
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Fig. 1—Number of Single 7 Cu. Yd. Units Required for Shovel Grading 
1 


L 
Hauling Equation: N = — = + 42.1)+1 
2.5 


Where: 


N = Number of Hauling Units Required for Haul, “L’’. 
t = Time in Seconds to Load One 7 Cu. Yd. Unit. 


I. -= Length of Haul in Feet. 


Example: Enter Chart from Haul Length—Proceed Upward to Time Required to Load One 7 Cu. Yd. Unit, Or 


Its Equivalent in Yards Produced per Hour—Continue to Left Where Number Required Is Read. 
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The general equation for hauling units for elevating 
grader jobs is as follows: 





2L 
a 
Sw 
N = 
R 
(—)ts+t+E 
Cc 
\here N = number of hauling units required. 
L. = length of haul in feet. 
T =the sum of time to load, turn, dump, and 


the necessary delays in seconds. 
Sy = hauling unit speed in feet per second. 


R = turning time of grader. 

t = time in seconds to take on load. 

C = length of cut in feet. 

S =speed of the grader and tractor in feet per 
second. 

E = exchange time per load in seconds. 


Substituting from the above data obtained on the job, 
the equation will be as follows: 


L 
+ 137.2 


4.58 





N = 





7198.3 
——— + 78.0 
C 
Given, for example, the length of the haul as 375 ft. 
and the length of the cut as 300 ft., the required number 





293 


of hauling units can be determined by substitution in the 
above equation. 
375 
— + 137.2 
4.58 
N = 





7198.3 
—— + 78 
300 
81.9 + 137.2 
Then N > — — 
23.99 + 78 101.99 


or 3 units are required to prevent delays to grader. 


229.1 
== 2.25 





A graphical solution (Fig. 2) of the job formula has 
been made to facilitate the calculation of the number of 
hauling units required. 

Study of Wagon Haulage.—On Job 4 an opportunity 
was had to study the use of 1% yd. dump wagons drawn 
by teams. The results of these studies show the follow- 
ing : 

= 24.1 seconds to load one unit. 

T = 32 seconds the time required to dump, turn, and 

necessary delays. 

S = 3.70 ft. per second, the speed of the wagons. 


When these data are compared with studies made in 
other parts of the United States it is evident that the 
speed of horsedrawn dump wagons and time constants 
for these vary but little from place to place. Therefore, 
these data may be used for a graphical solution applicable 
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Fig. 2—Hauling Chart for Elevating Grader 
L 





+ 137.2 
N = 2.29 


7198.3 


Equation: 


Where 


+ 78.0 









N = Number Hauling Units Required for Haul, “L.” 
C = Average Length of Cut in Feet. 
L = Length of Haul in Feet. 


Example: 
duction Per Hour—Return to Right to Length of Haul— Then Upwards Where Number Required Is Read. 


Enter Chart from Average Length of Cut—Proceed Upward to Curved Line—Then to Left for Pro- 
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to practically any job. 
follows: 





1 2L 
N =— +T)+1 
t 
Substituting : 
| a 
N=— (—+ 32) +1 
t 3.70 


Tandem 5-cu. yd. tractor-drawn units were also used 
on this job and the data obtained are as follows: 


t = 252.0 seconds to load the two units. 
T =73.8 seconds, required to dump, turn, and necessary 
delays. 


S = 4.31 ft. per second, speed of the wagons. 
The equation for this would be: 
1 2L 
N=— (——+738) +1 
t 4.31 
From the studies made on Job 2 it was found that the 
cost of hauling, using always the correct number of single 
5-yd. tractor-drawn and tandem 5-yd. tractor-drawn units 
and 1% yd. dump wagons, that the tandem 5-yd. units 
were the most economical. The analysis shows the fol- 
lowing cost on the basis of the theoretical units required 
and their equivalent unit costs for this particular shovel 
job condition using a possible production average of 156 
cu. yd. per hour. 


COST PER CUBIC YARD 


Two Tandem Four Single Nineteen 1% 
5-( “ubic Yard 5-Cubic Yard Yard Dump 
Units Units Wagons 
$0.156 $0.1890 $0.2123 


‘rom these studies one can appreciate what it means 
to a contractor’s production and profits to operate under 
good management, for to use a wrong number of these 
larger units might readily prove even more costly. 

To be an efficient contractor only the best possible op- 
erators, foremen and superintendent should be employed, 
and at the same time these should be well paid. Since 
grading in itself is largely a transportation problem, it is 
only by careful study together with strict supervision that 
it can be solved economically. 

Acknowledgment.—The foregoing is taken from a pa- 
per presented at the 1932 Road School of the State of 
Wisconsin. The paper also gave the results of studies 
of cement concrete paving operations in Eau Claire, Tay- 
lor and Sheboygan counties. 


& 
Analyt Starts “Curve Thinking” 


A student taking the usual course in “math” pre- 
scribed for engineers will take analytical geometry. 
This subject is based almost wholly on Descartes’ in- 
vention of a method of representing equations of one, 
two, and three variables as curves and surfaces in 
space. Most people are endowed with what may be 
called a “geometric mind,” and this endowment is de- 
liberately cultivated in an engineering curriculum. 
Consequently, the ordinary student gets from analytical 
geometry a new and distinctly gratifying understand- 
ing of equations and their meaning and relations, pro- 
vided, of course, the study “takes” and is not merely 
something which must be taken. As an engineering tool 
it is rather limited, but it starts the student thinking in 
“curves,” and thinking in “curves’’ is so fundamental 
in the analysis of the vast majority of engineering 
problems that no labor is ever lost which tends to de- 
velop the talent. After taking this course, “curve 
thinking” soon becomes a fixed habit. Ask any engi- 


neering junior what he means by elastic limit of steel, 





The general equation used is as 
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RELATIVE ELONGATION 


The Elastic Limit and Yield Point of Steel 
B is the “point on the curve” at which an increase in the 
tension or “pull’’ begins to cause more elongation or stretch 
than a similar increase in load up to (in this case) 35,000 
pounds. The steel is overloaded and has reached the elastic 
limit. Once started it begins to ‘“‘go” rapidly and at C, the 
yield point, will continue to stretch withovt additional load. 
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and the chances are he will begin, “It is the point or 
the curve * From a strict analytical! standpoin 
this is delightfully hazy and wholly incorrect, but h 
knows what he is talking about and his hearer, with ; 
little esoteric knowledge, knows too. He saves a lo 


of thinking time, and some words; and from a stand- 


point of symbolism, he is quite right. 

There is a fairly large number of practical engineer 
ing problems to which analytical geometry is directly ap 
plicable—problems in which space relations are solved 
analytically, but even without these the subject well 
merits all the time spent on it in college, and probabl) 





more.—Ohio Engineering Experiment Station Circular 


No. 27 
& 


Differential Equations 

If the student has a good grasp-of the fundamentals, 
he may with profit pursue some advanced courses. 
First of these to suggest itself is differential equations. 
This subject is a superstructure on calculus, having for 
its main purpose the finding of relations among vari- 
ables to satisfy any given conditions regarding the vari- 
ables and their derivations. Expressed in the language 
of “curves,” it attempts to find the curves which satis- 
fy, at every point, any desired relation among the ordi- 
nate, abscissa, slope, rate of change of slope, etc., and 
then to pick from all such curves the particular ones 
which pass through given points, are tangent to given 
lines or meet other required conditions. Needless to 
Say, it is easy to fix up a jumble of relations which can 
be solved only in theory, but a large number of useful 
relations can be worked out. This subject probably has 
a greater practical utility to engineers than does cal- 
culus. It is an extremely essential tool for researchers 
and experimenters, and all those engaged in engineer- 
ing requiring much analytical thinking. In modern 
electricity it is almost indispensable.—Ohio Engineer- 
ing Experiment Station Circular No. 27. 


Vv 
Low Oil and Tar Prices 


Prices in 1931 were substantially lower than in pre- 
vious years. Larger quantities, as well as improved 
methods and machinery, have tended steadily to bring 
down prices of both material and application. 
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Ohio Builds 


Road-Mix Job 
With New Tools 


Hone and Mixer Developed for Low 
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Cost Road Work 


URING the summer of 1931, the engineers of the 
Bureau of Maintenance of the Ohio Department 
of Highways experimented with some tools of 
their own making, in an attempt to improve the quality 
and speed of road-mix construction, and if possible to 
lower the cost. Success was attained along all three lines. 

Crushed lime stone was used on three jobs and crushed 
gravel was used on another job. None of the work hap- 
pened to be in territory where slag is made, but slag 
would undoubtedly work equally well and granite, trap 
rock, chats, and other materials foreign to Ohio and 
would, of course, be quite satisfactory. 

Asphalt emulsion, medium tar, and asphalt cut back 
were used. The above aggregates and bitumens repre- 
sent the range of practice in Ohio and would no doubt 
fill the bill generally, providing the variation of the 
gradations of the aggregate was properly compensated 
by a variation in the characteristics of the bituminous 
material. 

Asphalt emulsions are excellent and will work better 
with coarser aggregates than with fine; the medium tar 
seems to be of fairly universal application, one job hav- 
ing been built in warm weather with MT-1 and another 
job in November with MT-2. Asphalt cut backs vary 
considerably according to source, and it is difficult to 
gauge this material strictly in accordance with varying 
conditions of aggregate and temperature, but first class 
results were secured. 

it was found very necessary to heat the emulsions to 
approximately 140 to 150 degrees. This would apply at 
most any season of the year, for without a temperature 
approximating this, congestion and pump breakage are 
apt to occur. [or this reason we found it very desirable 
to ship asphalt emulsions designed for distributor appli- 


cation in insulated tank cars heated to about the above 
temperature. Medium tar was heated to around 175 to 
190 degrees. Asphalt cut backs were heated slightly 
higher and shipped in insulated cars. 

It was not found necessary to pay a great deal of at- 
tention to the moisture content of the aggregate with any 
of the bituminous materials, especially the asphalt emul- 
sion when using the herein described method. 

Bituminous content ranged from 3% per cent to 5 per 
cent, the higher percentages applying on late season work. 
Any seasonable work should require not over 4 per cent, 
including the seal. 

The first job built was in the southern part of Pauld- 
ing County, east of Haviland. On this job asphalt emul- 
sion was used with a break of about 1144 minutes. Ag- 
gregate running from 2 in. down to % in. was used. 
The aggregate was spread from the tail gate of a truck 
as uniformly as possible, but for best results, speed, and 
economy, spreader boxes should be used. It was then 
leveled to the proper cross section of the finished job 
with one trip of the hone in each direction on opposite 
sides of the road. 

The equipment used on these jobs was a hone and a 
mixer. The hone is a leveling drag and the mixer a 
modified spike tooth harrow. They are described in 
more detail throughout the text. 

Following directly after this operation came the first 
application of bitumen from the pressure distributor, 
covering one-half of the surface. This application con- 
sisted of .45 gal. of emulsion which penetrated to the 
bottom of the aggregate before breaking and made ex- 
cellent contact with the prime coat. Immediately follow- 
ing this operation came the mixer. A 30 hp. tractor 
would be ample to pull the mixer, but inasmuch as 
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shape the road, the same power would naturally be used 


in pulling the mixer, since the leveling operation is com- 
It might be well to 


pleted before the mixing is started. 
note that after the passage of the mixer, the surface of 
the job was in good cross section and the true edge of 
the crushed stone was not disturbed. One passage of the 
mixer was all this job received and the aggregate was 
well coated. 

Immediately thereafter, rolling was started, using three 
10-ton rollers. This number or more, was necessary with 
emulsion because of the rapid progress of the work. 

Following the rolling came the second application of 
bitumen, using .04 gal. of emulsion covered with % in. 
to % in. chips. The initial roller had a built up fiber 


broom attached in order to better distribute the screen- 
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ings which were applied through a mechanical chip 
spreader. A third application of a like amount of emul- 
sion was followed with 4 in. to % in. pea gravel cover. 
This was the final operation. 

The writer believes that one pass with the mixer is 
sufficient with emulsions, providing they have the char- 
acteristics of the above. He also believes that a 2-in. 
finished job such as this should have had two %-gal. 
seal coats instead of the single seal coat. Although this 
was the first job done with this method, it was built at 
a rate of better than 1% miles per day. 

Perhaps the best explanation of the integrity of the 
surface which prevails on this and the other three jobs 
similarly constructed, is based on the fact that by this 
method of mixing, segregation does not occur. A coarse 
aggregate can be placed on the edges and finer aggregate 
where less thickness will be required on salvage jobs and 
the material will remain in approximately its original 
position after the completion of the work. 

A two course job was built in Allen County, south of 
Delphos, using the same size aggregate as was used on 
the first job. In this case, asphalt cut back was the 
binder. The old road carried about a 7 in. crown which 
was reduced by the use of a wedge course, tapering from 
nothing to 5 in. The same method of construction was 
followed as in the Paulding County job. The mixer 
can be adapted to this specialized feature, since the teeth 
can be set at nothing on one side and full depth at the 
outside edge. The top course was a uniform operation 
and consisted of two applications of 0.5 gal. of binder, 
mixed by making two passes of the mixer over the sur- 
face and applying one seal coat of 4% gal. 

Of the two jobs built with tar, it will be necessary only 


smoothness of operation requires a 50 hp. tractor to 
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to describe one with merely an allusion to the other. In 
Henry County, east of Napoleon, the first job with tar 
was started and two tank cars of tar were shipped in, 
one a heavy grade and one medium. An attempt was 
made to penetrate and mix with the heavy tar, requiring 
a temperature of around 250 degrees, but with very poor 
success. The job was completed with the medium tar in 
fine shape. 

The fourth job is in Logan County, northeast of Lake- 
view. This job was built in the middle of November 
1931, using 115 pounds of aggregate, size 34 in. to % in. 
per square yard of surface. This job was identical with 
the others except that there were two applications of 
medium tar; one of .45 gal. and one of .30 gal. Eacl 
application was followed with one pass of the mixer 
Rolling followed immediately after the second mixing 


View of Surface Before Rolling 





without applying screenings. This job was built at the 
rate of 134 miles a day and the total costs shown were 
approximately one-half the cost of similar jobs previ- 
ously built by straight blade methods. 


During the winter of 1931-32, a few minor raveled 
portions developed near the east end of this job, due to 
the operation by a farmer of a steel cleated tractor over 
the road before it was opened to traffic. 


On the first day of June, 1932, on Route 54 northwest 
of Urbana, four miles of 20 ft. highway were built with- 
out rolling. Two 800 gal. and one 500 gal. distributor 
was used. Quite a large fleet of trucks hauled aggre- 
gate, sized from 2 in. down from a local plant. About 
0.41 gal. of medium tar per sq. yd. was more than am- 
ple to produce a perfect mix. One hone and two mixers 
were used; a desirable combination on big jobs, but not 
necessary, except for speed. A light application of hot 
oil was used as a seal. The job resulted in a road with 
excellent riding qualities at low cost. Exclusive of the 
hauling of materials, there were but five men on the job. 


The leveling hone used in these operations weighs 
about 9000 pounds and the mixer about 4000 pounds. 
The hone is used for leveling old traffic bound, oil, shale. 
sand clay or earth roads, previous to surfacing as above 
described. 

The labor costs on the above sections were not large 
and the quality of the roads so constructed good in all 
respects. The writer has helped to develop this equip 
ment in an attempt to economize in this type of con 
struction in the firm belief that large mileages of im 
proved roads will never be secured over the country as 
a whole unless it be with the low cost road. 
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The Cause of Circular Arcs of Crustal Uplift 
and Depression 


By Havsert P. GILLETTE 


TRACTING I have advanced and discussed the theory 

that the major features of terrestrial topography 
are due to circular uplifts caused periodically by molten 
whirl-belts. The dates of the four articles are: October, 
'928 ; April, 1929} October, 1929; and January, 1931. 

Further study of the topographical problem has 
served to confirm the theory and to bring out several 
\dditional features, some of which will be presented 
now. 

The original article showed that there are 12 major 
centers around which uplifts of the earth’s crust exist 
in circular arcs. Three of these centers lie on the arctic 
circle, three on the antarctic circle, three slightly north 
of the equator and three slightly south of the equator. 
There are numberless centers of whirl-belts of less 
importance. At least one of these minor whirls is 
almost worthy of being classed with the 12 grand 
centers, namely the one whose center is in the Japan 
Sea. 

Table I gives the approximate latitude, and longitude 
of each of the 12 grand centers and of the Japanese 
center. It will be noted that the longitude spacing of 
these whirl centers is usually an integral multiple of 
15 degrees, and that an approximation to symmetrical 
arrangement exists both in longitude and latitude. 

In previous articles it was pointed out that molten 
whirl-belts, or molten-cyclones, had evidently expanded 
in a periodic manner. The Aleutian Islands, for ex- 
ample, were uplifted by an expanding whirl-belt that 
did not cease to expand until it had attained a radius 
of about 60 degs., at which radius it generated the 
Apallachian uplift in America and the Himalayas, 
Caucasus and Carpathians in Asia and Europe. 

A study of the arc-shaped uplifts around the 12 
centers indicates, very clearly in several instances, that 
between the center and the outermost uplift there are 
7 arc-shaped uplifts, making 8 around the same center. 
These 8 are almost equally spaced. From this I infer 
that during the expansion of a whirl-belt, there were 8 
periods when the whirl became particularly active. This 
is significant, because several of the geological eras are 
subdivided into 8 epochs. 

In ENGINEERING AND CONTRACTING, October, 1929, 
I showed that the thickness of sedimentary rocks indi- 
cates a regular periodicity; and that every 4 major 
epochs, or every 8 minor epochs, an ice-age has 
occurred at the time of great crustal uplifts. The series 
of 8 topographical uplifts around the centers listed in 
Table I furnish additional proof of the regular 
periodicity of the geological epochs and eras. Even 
minor whirl-belts often disclose this same series of 8 
concentric uplifts. For example, in Scotland there are 
two series of topographical arcs whose centers are 
about 57°50’ N, 5°S’ W and 55°10’ N, 2° W. They both 
show the series of 8 uplifts about equally spaced. Scot- 
land, Ireland and England disclose several minor whirl- 
belt centers. It is significant that this group of minor 
whirls lies near the grand whirl-belt that uplifted the 
Apallachians, Himalayas, etc. I find that minor whirl- 
belts tend to congregate along the arcs of the grand 


| N four previous articles in ENGINEERING AND Con- 


whirl-belts. As another example, there are the two 
minor whirl-belts that assisted in generating the Isthmus 
of Panama, giving it an almost perfect letter S shape. 
They lie very near the grand whirl-belt whose center 
is Iceland. This grand whirl-belt formed Central 
America, the N.E. coast of Brazil and S.E. coast of 
Arabia. 

Did any of the centers of these main whirl-belts 
shift during the expansion of the whirl? Yes, but rela- 
tively little. The Aleutian center shifted about 10 
degs. westward at the times that the Apallachians and 
Himalayas were uplifted; and 10 degs. on the Arctic 
Circle is a relatively small distance. 

Geologists have been accustomed to assign certain 
great uplifts to certain epochs, but the theory here pre- 
sented indicates that in every case these great uplifts 
occurred periodically. Judging by the thickness of 
sedimentary rocks, the last great uplift, which was dur- 
ing the last ice-age, was the 10th great uplift since the 
earth was generated. 

I regard the cyclonic whirls in the molten earth as 
being the analogs of the “permanent cyclones” in the 
atmosphere. The same movements of electrons that 
cause air-whirls cause molten-whirls. Their periodicity 
is therefore the same. I have traced this periodicity 
to the planets. There is one planet that gives evidence 
of its existence by causing a cycle of about 21,300 
years in the annually varved shales of the Green River 
Epoch (ENGINEERING AND CONTRACTING, November, 
1930). It causes subcycles of 1/12 that length, as seen 
in the glacial-age varves and the spacing of moraines. 
Since all the large visible planets cause main weather 
cycles that are slightly less than their orbital periods, 
and supercycles that are many fold those lengths, it is 
to be inferred that the 21,300-year planet also has super- 
cycles many times 21,300 years in length. To this 
planet I assign the geological epochs and eras, as well 
as the series of 8 topographical arcs around the main 
centers given in Table I. 

In studying the grand arc-shaped uplifts (those hav- 
ing the greatest diameter) I have been impressed by 
the fact that all the great mineralized regions lie in or 





TABLE I—LocaTION OF CENTERS OF 12 GRAND TOPOGRAPHICAL 
Arcs AND ONE MINoR ARC 

Symbol 

of i Longitude 
Center Region degs. 
Africa 
Aleutian Islands 180 W 
Philippine Islands 120 E 
Iceland 30 W 
Central Pacific 180 W 
BE EE. BNE Setcnccsineeneiniasbaiaiel 75 E 
Brazil 67 W 
OS ee eee ee 165 W 
Australia 145E 
Weddell Sea 30 W 
South Pacific 135W 
f Kemp Barrier 75E 

G Sea of Japan 133 E 

Note.—The north magnetic pole is nearly midway between 
a and b. The south magnetic pole is nearly midway between 
d and f. These poles are 105 degs. apart. 
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very near these grand arcs. The periodic rise and fall 
of these regions, coupled with great interior heat 
liberated through the cracks and vents in the crust, 
account for active mineralization. The growth of vege- 
tation would be more rapid not only because of the 
heat emitted from the earth but because of the increased 
rainfall that occurs at the peaks of such cycles. This 
explains, in part, the formation of coal. The periodic 
rise and fall of the crust under the action of minor 
planetary magnetic forces upon the earth’s electron- 
shells, furnishes another condition favorable to coal 
formation. A third favorable condition arises because 
the circular uplifts caused large basins into which rain 
flowed, and along the shores of which vegetation would 
thrive. Many of those basins were the breeding ponds 
where organisms deposited their remains and furnished 
the material that became petroleum. 

An intensive study not only of the main, but of the 
minor, topographical arcs should result in the finding 
of many mineral deposits now unsuspected. 

Molten “cyclones” have been the architects of the 
earth’s topography, as well as that of the moon. Be- 
cause of the absence of erosion, the moon’s circular up- 
lifts are the most conspicuous feature of its crust. 
Moreover the magnetic effects of the earth upon the 
moon and its surrounding electron-shells were vastly 
greater than those of the moon and planets on the 
earth. 

Although the moon is regarded as solid to the center, 
I shall not be surprised if it develops that its core is 
still molten and rapidly rotating. I find it difficult to 
explain certain short magnetic cycles unless this is 
the case. 

In studying the circular whirl-belts of large diameter 
it is necessary to use a globe. An 8-inch globe will 
serve for most purposes. The arcs of small diameter 
can be studied on an orthographic projection, such as 
the map of Japan in the Encyclopedia Americana. 
Incidentally Japan discloses 12 well defined whirl 
centers. 

v 


Can’t Build Too Many Good Roads for 
Today’s Cars 

“As an outlet for surplus labor, highways offer the 
best opportunity, for they are about the only thing that 
can be produced without glutting a market,” declared 
Frederic E. Everett, president of the American Asso- 
ciation of State Highway Officials. 

“More men cannot be placed at work in mines or fac- 
tories because there is already too much of almost every- 
thing,” said Mr. Everett. “But in building highways 
no market is further saturated; nothing is created that 
must be purchased before it can be placed in use. 

“The dollar spent for roads serves a double purpose. 
It builds something for which there is a huge public 
need and appetite. It gives labor something to spend 
which in turn relieves the myriad industries suffering 
for want of outlets for their goods. 

“Properly built highways become of immediate serv- 
ice and start at once to reduce car operating and road 
upkeep costs. Where traffic is at all noteworthy it is 
cheaper to have good highways than to permit poor ones 
to exist. This country right now could build a hundred 
thousand miles of fine pavement and make good use of 
every mile. 

“Although fewer automobiles were in operation in 
1931 than in 1930, more miles were traveled, by a wide 
margin, than ever before as proven by increased gaso- 
line consumption. Indications are that 1932 will set a 
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new record for car travel. Along with the need for addi- 
tional highly improved travelways, there is the need for 
highway safety devices. Automobile accidents and 
deaths have become increasing from year to year along 
with car usage. Intensive motoring means pronounced 
motoring needs. We need not worry for many years 
about surfeiting the country with first-class pavements, 
bridges, elevated highway intersections and other high 
way time and life-saving devices. 

“With road costs down by a fourth or more, with 
thousands of men in need of jobs, with an actual need 
for the facilities these men can build, the Federal gov- 
ernment, the states, counties and cities should bend ever 
effort to place dollars at work on roads,” concluded Mr 
Everett. 

v 

Railroads Urged to Use Highways 

Railroads were urged recently by the Interstate Com- 
merce Commission to engage in the truck transportatio1 
of freight by highway where such business is more 
profitable than rail hauling. 

This development in transportation has been foresee 
by many highway economists. The experience of the 
railroads in handling freight of all kinds should be o! 
immense value to them in the field of highway transport 
should they adopt the suggestion of the Interstate Com- 
merce Commission. 

Store-door delivery has been urged for railroads for a 
long time. It is but a step, and a logical development o! 
store-door delivery, to handle short-haul freight by 
truck. 

Thomas H. MacDonald, Chief, U. S. Bureau of Pub 
lic Roads, in an address before the American Road 
Builders’ Association in Detroit, outlined the situatio1 
as to the present use of roads that might affect traffx 
should the railroads enter the business of highway truck 
ing on a large scale. He said that the predominating 
use of the highways is by privately-owned automobiles 
approximating 85 to 90 per cent of the total volume of 
highway utilization. The use of the roads by automo- 
biles and trucks is predominantly local—85 to 90 per 
cent in thickly populated states. The use is for short 
distances—about one-half under 30 miles. The owner- 
ship of both automobiles and trucks on the highways is 
predominantly private. 

While trucks and buses operating as public carriers 
have taken some business from the railroads, the total is 
an inconsequential part of the total volume use of the 
roads. However, a great change has taken place in 
methods of merchandising in that smaller inventories, 
made possible by daily truck deliveries, have become 
customary. For example, in Ohio, 43 per cent of the 
retail establishments handle goods that require dail) 
replenishment. 

The use of the highways by railroads as part of their 
transportation plant is a desirable thing. It will en- 
courage the construction of more needed roads. 


v 
Fewer Horses Today 


The number of horses in the United States fell from 
21,555,000 in 1918 to 12,679,000 in 1932. The increased 
use of labor saving machinery and the relative advantage 
a few years ago of selling different crops and buying 
machinery or supplies, especially in some of the western 
plain states, caused the demand for horses to drop. 





v 
What is a berm? What isa shoulder? Indiana men 
speak of the unpaved part of a road crown as being a 
berm. I think that is not common usage. 
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How 240 Tons of Explosives Were Used 
Excavating California Highway 


HE proper use of explosives in highway work is 

a fundamentally important item. How the drilling, 

loading and blasting operations were handled on 
a contract for the Division of Highways of the Califor- 
nia Department of Public Works is described in April 
issue of California Highways and Public Works, by 
C. S. Pope, Construction Engineer of the Division, the 
data for the article and the sketches being provided by 
Paul F. Green, Assistant Resident Engineer. The con- 
tract called for the excavation of some 700,000 cu. yds. 
0 material, most of which required heavy blasting and 
the use of over 480,000 Ib. of explosives. 

The scene of the blasting operations was on the re- 
located U. S. Highway Route 99 traversing the rocky 
sides of Shasta Canyon in northern California, begin- 
ning at a point about 3 miles north of the town of Yreka 
and extending to the Klamath river. 

The canyon walls are steep and generally rocky, much 
broken up by dykes and rock masses, and the alignment 
at many places breaks through spurs and ridges which 
required cuts of considerable magnitude. However, a 
large part of the work was sidehill cut. 

The rock formations were considerably broken and 
variable in structure as well as in hardness which re- 
quired great care in drilling, method of placing powder 
pockets, and loading shots to avoid excessive overbreak. 

The rock encountered was of igneous origin of un- 
stratified, metamorphic, and eruptive types, varying in 
hardness from sound diorite to comparatively soft and 
shattered stone. 


Minimum of Wasting—Grade and alignment were 
worked out to secure as close a balance oi cut and fill as 
possible, and, of necessity, blasting of rock overside, or 
wasting, was held toa minimum. The deep cuts through 
spurs or saddles required breaking the ground in place 
and hauling to fill sections. 


The type of blasting chamber used in the different lo- 
cations will be more easily understood if they are de- 
scribed by their local names, some of which are as fol- 
lows: 

Coyote Holes—A coyote hole is a drift to a powder 
chamber similar to a mining tunnel, except that the drift 
is made smaller and the rounds of shots are less in num- 
ber of drilled holes. The arrangement of the holes, how- 
ever, is the same, they having the back holes, the breast 
holes, the cut holes, and the lifters, and the shooting 
system of delays is executed in the same way. 


The cut holes are shot first, because they are drilled 
with the object in view of breaking out a wedge and 
forming a cavity for the balance of the holes to break 
to. They are two in number and are started usually 1 ft. 
each side and a foot above the center of the face, and 
driven downward at an angle of 30° and outward so they 
meet a line parallel with the side of the drift at com- 
pletion. 

The two breast holes are drilled just above the cut 
holes but more to the sides and are driven in slightly 
downward from horizontal. They are shot second in 
rotation and placed to break out the center section of the 
drift. 
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The back holes are drilled as close to the ceiling as it 
is possible to work, and upward at an angle to give the 
required height, and outward to give the required breadth 
to the ceiling. They are shot third in rotation. 

The lifters are drilled so as to break the bottom thor- 
oughly and to lift the refuse, deposited by the other 
shots, back from the new face, so that a round can be 
started while the refuse is being mucked out. 

What Comprises a Round.—All of these holes together 
are considered a round, and the depth of a round is the 
distance from the face of the drilling to a vertical plane 
passing through the bottom of the drilled holes. In 
most cases these rounds are 5 ft. in depth. 

In drilling the main drift, one driller and helper con- 
stituted a crew, but when cross drifts were run in con- 
junction, another driller and helper were used. 

The drifts were constructed oval in shape and were 
not all of a uniform size, but were in general from 3.5 
to 4.5 ft. in height and from 3.0 to 4.0 ft. in width. 

The length of the main drifts varied, depending upon 
the amount of ground to be broken above the drill. Where 
cross drifts were necessary and run, the first was placed 
25 to 30 ft. from the face, and thereafter at 20-ft. inter- 
vals. 

Cross Drifts—Cross drifts are usually used at 20- 
to 30-ft. intervals, extending in each direction to within 
1 to 3 ft. of the slope line of the cut where powder 
pockets are blasted to a depth of above 5 ft. below grade 
and large enough to accommodate the amount of explo- 
sive needed. 

Bootleg Holes——The bootleg holes are constructed by 
drilling and shooting a successive series of short holes 
ordinarily from 1 to 15 ft. in depth, depending upon the 
character of the rock. These holes are so loaded as to 
break back to the previous face but not so heavily as to 
form pockets. 

The broken rock is removed from the holes by hand 
scrapers, and another short hole is then drilled and snot 
and the process repeated until the desired depth of hole 
is attained or the limiting length of drill steel reached. 

As these holes are only about 10 in. in diameter and 
must be drilled entirely from the outside, they could be 
drilled only as deep as is possible to handle the drill and 
steel from that position; ordinarily they were not over 
25 ft. in depth. They were driven in on a slight down- 
ward angle in order to place the powder pocket below 
grade at their termination. 

As they neared completion, the driller drilled as low 
as possible, and used heavier charges of powder in shoot- 
ing his round than he had ordinarily used, in order to 
create a large powder pocket in which the main blasting 
charge was to be placed. 

The placing of the main charge of powder in these 
powder pockets was generally accomplished by the use 
of a small box attached to a long pole, which was filled 
with powder and pushed into the hole and emptied into 
the powder pocket by simply turning it over. 

Gopher Holes—The gopher hole is from 18 to 24 
in. in diameter and is built with the idea that it will 
admit a man’s body in a crawling position. It is dug by 
drilling, seam shooting and barring out loose material 
from seams by hand. 

Often solid and hard obstructions are encountered, and 
it is necessary to drill and blast to clear the way. This 
is accomplished sometimes by use of a drilling machine 
and long steel from the outside. In other cases where 
the hole is too far advanced for the steel to reach, or 
where the obstruction is in such a position that it can not 
be drilled from the outside, it becomes necessary to crawl 
inside with the drilling machine and drill the rock in a 
lying down position. 
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Formed Powder Pockets.—The enlarging of the bot- 
tom and sides of this hole at its termination formed the 
powder pocket for the main charge, these being dug as 
deep as 35 ft. into the hillside and in position the same 
as the bootleg. 

Down Holes.—Staggered vertical down holes were 
drilled vertically down and in series of rows, one set 
behind the other. Each hole on the back row was sv 
placed that it was between two holes ahead of it, the 
theory being that it broke the section between these two 
holes ahead. 

These holes were all sprung to form powder pockets 
at their base to receive the main blast charge. The dis- 
tance apart and the amount of springing necessary ty 
obtain good breaks was determined by the powder-men 
observations in making a trial shot in the same type ani! 
character of ground, being generally about 10 to 15 f: 
apart. 

Made Deep Breaks—A combination with vertic: 
down holes above a series of bootlegs was used in th 
breaking of deep lifts. Clean breaks were made as dee 
as 65 ft. in porphyry. 

Down holes and lifts were drilled in series of two 
rows each and staggered. They were drilled to a leve 
plane, sprung and shot, and during the removal of th: 
broken material, a second series of two rows of hole 
was drilled to the same level plane, sprung, and whe: 
the debris was removed from in front, they were shot 
and the program repeated until this lift had been re 
moved. 

Oftentimes the drilling would precede the shooting for 
considerable distances and sometimes a series of four 
rows of holes would be shot at one time. In general, 
however, only two rows of holes would be shot at once, 
as by so doing better breakage and more effective use of 
powder was secured. Another series of holes was then 
drilled from this now cleaned off level plane and the proc- 
ess repeated. The depth of these lifts was in most cases 
25 to 30 ft. 

The location of all powder pockets was accurately de- 
termined in relation to the grade line and slopes, and the 
powder charge was figured from the volume of rock to 
be broken as determined by the area of the cross-sections 
influenced by the explosive. 

Explosives Used—A great variety of explosives was 
used on this project. Black powder, 5 per cent granular 
and 20 per cent dynamite in bags, 20 to 60 per cent 
dynamite in 7-in. and 1%-in. cartridges were all used 
in considerable quantities. 

In general, No. 6 electric blasting caps were used for 
detonators and they were fired by a 50-hole push down 
electromagnet type blasting machine. 

Delay electric blasting caps were used to advantage. 
The shooting successively of the various charges relieved 
the blast ahead and better results are secured with smaller 
charges. Their use was of especial advantage in holes 
near the slopes as the prior relief of part of the load 
permitted breaking outward rather than into the slope, 
thereby aiding to some extent in preventing overbreak. 

Timed powder fuse was used only in “bulldozing” or 
in the shooting of short plug holes. 

Drills and Compressors—Drilling was all done by 
means of jackhammers, two makes similar in size and 
design to the B. R. C. 430 being used. These machines 
were operated at air pressures ranging from 90 to 110 
Ibs. at the compressor and it is stated that pressure at 
the drills was seldom below 80 Ibs. 

Air for the drills was produced by both stationary 
and portable compressors in accordance with the location 
of the drilling. 
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Types of Powder Pockets Used in Blasting Operations in Shasta Canyon. 


Sketches Show Careful Platting by 


Engi neers. 


The heavier drilling was handled by three stationary 
compressors rated at 540 cu. ft. capacity. Portable com- 
pressors furnished air to drills used for short holes and 
plugging. These compressors ranged in capacity from 
120 to 360 cu. ft. of air per minute. 

Drilling was successfully accomplished to a depth of 
25 to 35 ft. in hard rock. Drill steel was of 7%-in. oc- 
tagonal type pierced to permit either air or water to be 
blown through it in cleaning out rock dust or other 
wastes. 

Drill Bit Types——Bits of both the cross-bit and chisel 
type were used with cross bits predominating because of 
the seamy nature of the rock. Drill bits varied in size 
according to the character of the rock, and the usual 
starting size varied from 134-in. to 2%-in. in diameter. 
Drill bits were decreased in size usually % in. for each 
2-ft. depth of hole, and great care was exercised to pre- 
serve the fluting of the bit to insure proper cleaning. 

One crew on the work sharpened their steel by hand 
while another crew used machine sharpener, the results 
generally showing a margin in favor of the machine. 
The bits were sharpened with heavy shoulders, due to 
the irregular quality and formation of the rock to be 
drilled. 

Swedish and American steel was used, both with vary- 
ing success. Tempering the bits in oil and in water was 
practiced, one method showing no apparent benefit over 
the other. Good results were gained only where the 
blacksmith proved his skill in obtaining the proper heat, 
color, and in the timing of the dip. 





Following is powder data on six of the major thorough 
dS 


cuts: 
Lbs. powder 


Rock Powder per cu. yd 

Method Sta. to Sta. cu yd. Ibs. of rock 
OO eee 211-218 35,000 47,000 1.34 
RE aden cack eee 304-309 33,000 26,000 0.80 
IE hace ccances 317-324 28,000 54,000 1.93 
Lift and down hole 332-340 65,000 58,000 0.90 
ee Ree 409-413 16,000 22,000 1.38 
GREE seas dicexsce 27,431 40,000 51,000 1.25 


The following data cover the major part of the blast- 
ing on the project as a whole: 
Lbs. 20-30 40 60 











powder _ per per per Black 
Sta. to Rock Powder percu. _ cent cent cent powder 

Sta. cu. yd. Ibs. yd.rock Ibs. Ibs. Ibs. Ibs. 
197-324 225,500 231,000 1.02 20,125 81,110 2,410 126,850 
332-391 146,490 131,000 0.89 118,300 9,700 380 2,610 
399-431 94,000 122,500 1.30 6,225 48,160 200 67,825 
144,650 138,970 2,990 197,285 

v 


Onto HiGHway DEPARTMENT Sets Up Crepit Divi- 
sion.—The State Director of Highways, O. W. Merrell 
of Ohio, has announced the establishment of a credit di- 
vision within the Highway Department to investigate and 
determine the ability of contractors and their sureties to 
carry out their contractual obligations. Contracts will not 
be awarded or surety bonds accepted until approval is 
granted by the credit division, it was stated. 
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Fundamentals of Modern Electric Traffic 
Control System 


By W. L. Potts 


Superintendent of the Signal Bureau, Police Department, Detroit, Mich. 


T is generally conceded that an adequate traffic 
control system is essential to coordinate and keep 
the traffic on our streets and highways in a fluid 

movement. Without going into much detail, I will en- 
deavor to give you the fundamentals of a modern elec- 
tric traffic control system. 

Preliminary Studies.—In planning the installation of 
a traffic control system, due thought must be given to 
the necessity, and a traffic check must be made at all 
intersections involved in the system. A minimum of 
200 vehicles per lane, per hour, is considered a safe 
figure to work from. 

With the area under consideration fully checked and 
platted on a map showing all the intersections affected, 
a thorough study would then be made of this area, to 
determine the type of system best adapted for the area 
to be controlled. In this study consideration must be 
given not only to the density of vehicular traffic but 
also to the volume of pedestrian traffic, the width of 
streets, the length of blocks and the major tvpe of 
vehicles using certain streets. It follows naturally that 
a strictly wholesale trucking section requires a slower 
acting control than does a main thoroughfare, whose 
bulk of traffic is passenger-carrying vehicles. 

Consideration must be given to street cars and buses, 
because these two forms of transportation handle ap- 
proximately 50 per cent of all passengers in most com- 
munities today. With all these factors thoroughly 
studied, it will be found in a great majority of locali- 
ties that the flexible progressive type of control would 
be the most adaptable. 

The Flexible Progressive Type of Control.—This 
type of control consists essentially of a master timer 
or timers at some point in the system, and a secon- 
dary timer at each intersection. The master timer 
establishes the total cycle by impulse, and the secondary 
timers receive the impulse and divide the cycle into 
whatever proportion found necessary at the particular 
intersection, setting the exact second so as to meet the 
oncoming wave or platoon of traffic movement with the 
green light. The master timer installation should be 
adaptable to two different cycles, one which would be 
classed as normal for use during the ordinary period, 
the other which should be of from 10 to 20 per cent 
longer duration so as to handle the greater volume of 
vehicles, at a slightly slower speed, during the rush hour 
period. 

When the double-cycle master is used, consideration 
must be given to the secondary timer equipment, so 
that it will readily adapt itself to both the long and 
short periods. In controlling vehicle movement over 
the main highways traversing the traffic district, thought 
must be given to the intersection crossings, so as not 
to impede the steady flow on the main highway un- 
necessarily. Many times, three streets merge into one 
intersection and in all cases should be controlled 
separately; that is, a separate and distinct flow period 
for each of the three streets, which must total the 
master timer period, and be held in step with the asso- 
ciated intersections. 
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In laying out the system on the speed and flow 
charts, both the maximum and minimum speed should 
be established. With this as a start and knowing the 
volume of traffic in all directions at each intersection, 
you will then be able to establish the required cycle 
for the main parts of the traffic day; namely, normal 
and rush hour periods. Within this cycle, the settings 
for the secondary timers can be established from the 
chart. 

Signal Heads and Mounting.—Next, consideration 
must be given to the type of signal heads and the method 
of mounting. On the average two-street intersection, 
four two-way traffic signals arranged for far side visi- 
bility are considered by most signal engineers to meet 
the requirements satisfactorily. This arrangement gives 
the driver and the pedestrian alike a clear visibility 
directly in front at all times, until he has cleared the 
intersection. 

On some comparatively narrow streets where the 
pedestrian movement is very light, two four-way traffic 
signals can be used to good advantage, being mounted 
on diagonal corners. 

In planning the setting of the traffic signals, thought 
must be given to the sidewalk obstructions, especially 
where pedestrian movement is heavy. In many cases 
the signal can be mounted on street lighting standards 
or trolley support poles by means of brackets, without 
causing additional obstruction to the pedestrian move- 
ment. 

The traffic signal, being mounted in a vertical posi- 
tion, that is, with one lens above the other, the best 
mounting height for far side visibility has been found 
to be 9 ft. 6 in. above the sidewalk to the center of the 
center lens. This allows for a clear visibility over the 
top of the moving traffic and yet is low enough for 
visibility from the low-type modern automobile. 

In specifying the type of traffic signals, due regard 
should be given to the position of the color. The red 
lens should be on top, the amber in the center and the 
green on the bottom. This conforms with the recom- 
mendation of the Engineering Committee of the Streets 
and Highway Section of the National Safety Council 
and should be strictly adhered to, especially from a 
standardization viewpoint. 

After the system has been laid out, installed and 
timed according to the time and speed charts, then 
put in service, it will be found that minor changes in 
timing will be necessary due to the fact that the in- 
stallations of signals will have caused considerable 
change in the driving habits of many people. Conse- 
quently, sufficient flexibility must be inherently built 
into the system, to be successful in a system such as 
I have described. 

In checking and establishing final adjustments in the 
system, a recording speedometer will be found to be 
very valuable; as in driving through the system, the 
entire run would be recorded, giving you a definite 
picture of your traffic movement. 

With this system you can move better than 90 per 
cent of your traffic with a small loss of time, at all times, 
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and do it safely. A big factor however, in any control 
system, is the willingness of the driver to cooperate 
with the system, and once the average speed through 
the system is established, to endeavor to keep within 
bounds, not over-running so as to congest the inter- 
section ahead or dropping back, so as to slow the wave 
or platoon of which he is a part. 
.lcknowledgment.—The foregoing is a paper pre- 
sented Feb. 16 at the 18th Annual Conference on High- 
wav Engineering at the University of Michigan. 
v 
Must Protect Investment in 


Federal Roads 


‘Although the need for jobs is a prime factor in the 
continuation of Federal Aid to states in road building at 
least on its present scale, it must not be forgotten that a 
large, economically needed, road building job still re- 
mains to be done.” 

This declaration was made here today by Frederic 
E. Everett, president of the American Association of 
State Highway Officials. 

“Of the 197,000 miles on the Federal Aid system only 
76,300 miles have high type surfaces,” Mr. Everett 
pointed out. “Some 14,500 miles on the system have 
received no attention whatsoever and 28,850 miles are 
still in the graded and drained stage. An additional 
37.800 miles have only low type surfaces and 19,400 
miles have intermediate type surfaces. 

“On the one hand the task ahead assumes astounding 
proportions. On the other, it is evident that excellent 
progress has been made, doubly so when it is considered 
that thousands of miles of roads not classified as high 
type pavements are roads technically known as stage 
construction. This stage construction, or preparatory 
work, will enable the Federal government and the states 
to proceed at a gait much more rapid than was possible 
during the first few years of Federal Aid. 

“The states and the Federal government have a tre- 
mendous investment in the system and that investment 
must be protected,” continued Mr. Everett. “The only 
way to do that is to continue Federal Aid in such amount 
that a reasonable and logical mileage of roads can each 
year be elevated to the class of construction warranted 
by traffic. There are thousands of miles of low type 
and unimproved roads on the. system that need to be 
surfaced or a better grade of surfacing. If they are 
permitted to remain in their present condition the travel- 
ing public will be penalized in high car operating costs 
and the states through high road upkeep costs. 

“In 1931 approximately 11,000 miles of Federal Aid 
highways were improved. That is good progress and in 
view of the importance of highway transportation to 
every citizen, it is necessary that this rate be maintained.” 

v 
. 
Patrol Street Cleaning at Toronto, 


Ont. 


During the summer of 1931, the Department of Street 
Cleaning of Toronto, Ont., removed 136.85 cu. yd. of 
street sweepings, an average of 15 cu. yd. per 1,000 sq. 
yd. per season. A daily average of 30 4-yd. wagons, 5 
2-yd. carts and 6 motor trucks were required in the 
pick-up service, while 215 patrolmen, at an average 
weekly wage of $30, were constantly in service from 
\pril until December. In his annual report George W. 
Dies, street commissioner, gives the following  state- 
ment showing the cost of hand-broom sweeping of im- 
proved streets in 1931: 


Total cost (foremen, labor, cartage, supplies) $309,474 
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9,048,166 


Area of improved street mileage (sq. yd.) 
$34.23 


Cost of maintenance per 1,000 sq. yd. per season 
Amount of sweepings collected (cu. yd.) 136,858 
Cost per cu. yd. (sweeping, collecting and removing).. $2.26 
Cu. yd. removed per 1,000 sq. yd. per season 15 
Number of patrolmen 215 
Average area maintained per patrolman (sq. yd.) 42,000 
Average number of times swept per season , 
Cost of sweeping per 1,000 sq. yd. (sweeping, collecting 

and removing ) 
Cost of sweeping per mile 

Each patrolman maintains an average of 3 miles of 
roadway, covering an area of 42,000 sq. yd. The down- 
town and business districts receive constant attention, 
while the outlying or residential districts are swept once 
a week. 


v 
Weighing the Koon Dam 


The new Koon Dam, which is to be located in the 
valley of Evitts Creek, Bedford County, Pennsylvania, 
will be weighed bit by bit. The dam is to be solid con- 
crete with a maximum height of 90 ft. and a length of 
726 ft. It will raise the water level 67 ft. above Lake 
Gordon. 

All ingredients which will be used in the making of 
concrete will be accurately weighed and compounded 
with proper corrections for the weight of the surface 
moisture in every batch. The feeding operation is elec- 
trically controlled by the scale operator who merely 
presses a push button which actuates the flow of each 
material, and the flow is automatically cut off by the 
scale when the correct amount has entered the batching 
hopper. The materials are weighed over a large auto- 
matic scale which is equipped with a graphic recording 
device which records every weighing, the time of weigh- 
ing and what it has weighed. The batch is then dumped 
into the mixing hopper by the pressure of an electri- 
cal button. 

This weighing is entirely automatic and the human 
element is absolutely eliminated. This insures the high- 
est quality of concrete so far as proportioning is con- 
cerned because with this new device, it is possible to 
determine absolutely the moisture content of each 
aggregate, thus proportioning the cement to meet exact 
specifications. The weighing equipment is unique in 
the history of large construction projects and was de- 
veloped by engineers of the Toledo Scale Company 
especially for the new Koon Dam. It will serve as a 
test piece for determining the actual value of deter- 
mining the moisture contents of congrete aggregates. 


v 
Texas Helps Railroads 
In rejecting the Galveston Truck Line’s application 
for a permit to transport cotton, the Texas Railroad 
Commission has indicated that it will grant no more per- 
mits to cotton-hauling trucks, will not renew existing 


ones. According to the commission’s chairman, motor 
trucks are a “menace to life” and ruinous to the high- 
wayvs.—Business Week. 

President Hoover is not the only one who needs an 
education in Highways. 


v 
MASSACHUSETTS SENATE KILLs $2,000,000 HigGuway 
Funp Diversion.—On the closing day of the recent leg- 
islative session the Massachusetts Senate, by a vote of 
23 to 17, rejected the bill that had already passed the 
House and provided for a diversion of $2,000,000 from 
the highway fund to the cities and towns for welfare 
purposes. This completed the downfall of the entire 
program recently advocated by the Governor, as the 
House had previously acted adversely on all items except 

the highway fund diversion. 









New York State 
Legislative Blunder 


ETERMINED to see that justice in the matter of 
D using motor funds is followed, the New York 

State Construction Council has attacked the 1932 
diversion of funds as illegal and has confronted various 
law-makers with quotations from the gasoline tax law 
and motor vehicle law which clearly set forth that 75 per 
cent of motorists’ taxes retained by the state “shall be 
appropriated and used for the construction’ maintenance 
and repair of highways and bridges under the direction 
of the Superintendent of Public Works.” In reply to 
pointed questions on this subject some law-makers have 
declared that the laws above referred to have been “Re- 
pealed by Implication.” Taxpayers have served notice 
on the fiscal officers of the state that court proceedings 
would be instituted at the earliest possible date. Pro- 
ceedings will probably be in the form of a request for 
court order prohibiting the use of motor vehicle money 
and gasoline money for any purpose other than prescribed 
by existing laws. It is expected that in the event of a 
restraining order by the courts the entire state budget 
would probably be tied up, a situation which would force 
the governor to call the legislature into extraordinary 
session. 

Another phase of the demand for a special session 
which is said to be causing legislative leaders considerable 
worry is the determination on the part of the various 
groups concerned to virtually place all candidates ‘on 
the spot” in a consistent campaign which will be carried 
on in all section of the state prior to the November elec- 
tions. The campaign will not be a partisan matter as be- 
tween the two major political groups, but will seek to 
have each legislator who participated in THE GREAT 
DIVERSION OF 1932 express himself clearly well in 
advance of the primaries. Keen political observers, in- 
cluding writers for some of the big metropolitan dailies 
have stated that many candidates for re-election this fall 
who took part in the 1932 diversion have been placed in 
an uncomfortable position even at this early date. 


Vv 
Gas Tax Shows Cars Being Kept 
at Home 


Shipments of gasoline into Minnesota in May showed 
a decrease of 8,349,313 gallons as compared with the 
same month of 1931, and returns from the tax on gaso- 
line for state and county road work were $231,609.64 
lower, a state highway department bulletin reports. 

Gasoline shipped in during the month totaled 32,401,- 
284 gallons. Total receipts from the three cent tax 
amounted to $933,192.45, but refunds on gasoline used 
in cleaning industries, aviation, agricultural work, and 
other accepted lines reduced the amount apportioned for 
state and county highway work to $859,859.57. 

Inshipments of gasoline and tax returns lower in May 
than in the preceding month has been the experience of 
the past three years, according to department records, 
and as truck operations, as indicated by live stock ship- 
ments into South St. Paul, were approximately the same, 
the lowered receipts for road purposes are attributed to 
lessened usage of passenger cars during the month. 

The commencement of tourist travel is expected to put 
returns for the current month in higher position, but not 
to the level of last year unless warmer weather becomes 
general. 
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TOAST TO THE ENGINEER 


(From “California Highways and Public Works’’) 


H ERE on the open roadway, 

With none but the pines to hear, 
I give you a toast to the Builders, 
| To the Highway Engineer. 








To the men with sun-tanned faces, 
To the Poets of Curve and Line, 

To the Sculptors who work in concrete, 
To the Artists of Bridge Design. 


|| Have you seen them, dirty and sweating, 
Pounding their stakes on the hill, 

| Squinting keen eyes through the transit, 
Planning the “cut” and the “fill”? 
| 


Have you passed them, perhaps, on some detour, 
A strong-limbed, clean-eyed crew, 

| Chief of Party and rodman and chainman, 

1 In a car of the Highway blue? 


Cutting their noon hour to finish a shot, 
| Plotting their notes at night, 

| The youngest “S. I.” writing home 

By the flickering lantern light. 


Tolerant, genial and kindly, 
Helping each other along, 

Dusty and tired and sunburned, 

| Building your roads with a song. 





| 
| 
| So I pause on the open roadway, | 
| Where none but the pines can hear, | 
|| And I give you a toast: To the Builders, 


To the Highway Engineer! 


| Gladys Craig Potter, 
| (Wife of C. A. Potter, Mainte- 
| nance Superintendent, Dept. of 
| Highways, Placerville, California) 








Uncut Roadsides to Keep Hoppers 


from Farm Crops 


The Minnesota highway department is planning to 
open bids to the hordes of grasshoppers to become its 
guests instead of going to the farm fields, according to 
emergency instructions issued by W. F. Rosenwald, 
maintenance engineer of the department. 


The cutting of grass along the roadsides in the in- 
fected areas is to be postponed until hopper poison can 
do its part so that the grasshoppers will be less likely to 
move from the highways and into cropped fields. 


Shoulders and ditch banks along newly improved state 
trunk highways are planted to grass for the purpose of 
protecting the sloping sides from erosion, a highway bul- 
letin explains, and oats and rye are sown along with the 
grass seed to serve as a “nurse” crop to the new grass. 
The combined growths offer succulent food for the young 
grasshoppers. This, with the exception of a single swath 
to be cut next to the roadway to keep direction signs 
from being obscured, is to be left as long as there may 
be the need. 

Growing conditions are reported to Commissioner Bab- 
cock to be such this year that cutting should be done 
earlier than usual, but it is to be held back even later than 
usual if necessary as a further effort upon the part of 
the department to cooperate in the grasshopper fight 





A 


L 
betw« 
cade, 
mosi 
and | 
the \s 
stat 

Fece 
longs. 
in th 
tio! 

hig!i\ 
Troaut 
since 
The 
neari 
exain 
and ¢ 
mach 
stacle 
is he 
mout 
old r 
twist 
Creel 
cany¢ 
route 
more 
whicl 
other 
rock 
to a ¢ 


care 
trip ’ 





to 
its 
to 
ld, 


in- 








July, 1932 





305 


A Modern Highway in Historic Ute Pass 


: PASS, which 
A a four- 
mile stretch of road 


between Manitou and Cas- 
cad, Colo., is perhaps the 
most frequently traveled 
and best known of any in 
the Rocky Mountains. The 
stat of Colorado, with 
Feceral aid, is making a 
long - needed improvement 
in this pass in the construc- 
tion of a modern, paved 
higiway to supplant the 
roal which has been used 
sine early pioneer days. 
The new highway, now 
nearing completion, is a fine 
example of engineering skill 
and of the triumph of man’s 
machines over natural ob- 
stacles. In many places it 
is hewn on the sides of the 
mountains, high above the 
old road which parallels the 
twisting course of Fountain 
Creek at the bottom of the 
canyon. Elsewhere along its 
route it towers 50 ft. or 
more above the gulches over 
which it passes. In still 
other places, ridges of solid 
rock have been blasted out 
to a depth of from 40 to 60 
ft. to clear the way. 


New Highway Built for Safety—Completion of the 
new highway will enable many people who would not 
care to brave the hazards of the old road to make the 
It is a full 30 ft. 


trip with confidence. 


By Lewis H. HEIGHT 


Draftsman, Colorado State Highway Department 
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v of the Old Days: Mule 
Rainbow Falls 


to Hamilton and Gleason of Denver, Colo. 
calls for the completion of the grading, construction of 
two bridges near Cascade, construction of all drains and 
more than 3 miles of cable 
A separate contract calls for the erection 


culverts, 
guard fence. 


Teams in Ute 
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grades all the way, and all 


curves are super-elevated to 
minimize any tendency to- 
ward skidding or side slip- 
ping. The curves are com- 
paratively long and easy. A 
strong guard fence of steel 
cables will prevent any car 
from going over the edge. 
The road will have an oiled 
surface for this summer's 
traffic, and will be paved 
with a heavy concrete slab 
in the spring of 1933. The 
short four miles will have 
cost $300,000 by the time it 
is paved. 

Many vexing difficulties 
arose in connection with this 
project. Much credit for 
making the improvement a 
reality belongs to Ernest 
Montgomery, division engi- 
neer of the 5th District, 
Colorado State Highway 
Department. Mr. Mont- 
gomery was assisted by the 
Colorado Springs Chamber 
of Commerce and some pub- 
lic-spirited local men in ac- 
quiring the necessary rights- 
of-way. 

The Construction Con- 
tract—The contract was let 
The contract 
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Beginning of Ute Pass Improvement at Manitou. 





New Road to Left Not Yet Completed 
















































Drillers and Drill Steel on Wall of Mountain. 


of a graceful concrete arch deck bridge of 200 ft. span 
just below Rainbow Falls. The falls are some 30 ft. 
high and the mist from them produces a rainbow when- 
ever the sun is shining. 
Last November, Hamilton and Gleason moved in 
equipment consisting of three gasoline shovels each of 
? 


l cu. yd. capacity, one steam shovel of 2 cu. yd. capacity, 
one large steam-driven air compressor mounted on a 
railroad car, three gasoline tractor type air compressors, 
a fleet of 5-ton trucks, a number of horses and mules, 
several thousand pounds of drill steel for the many rock 
drills, and hundreds of feet of pipe for carrying the 


compressed air from compressor to the drills. There 
were also a great many different kinds of hand tools and 


other supplies. The contractors estimate that they will 





~ 





Construction View of Ute Pass Improvement. 
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Shovel Loading Broken Rock 


have used more than 50 tons of explosives by the time 
the work is finished. 

Construction Operations—The_ shovels started at 
the foot of a slope and proceeded to dig a road for 
themselves and the trucks. Ahead of them, men hanging 
from ropes, drilled holes in the sheer faces of the rocky 
walls. If placed end to end the total length of the drill 
holes would exceed 9 miles! 

At some places, where the high fills would have 
dammed the flow of Fountain Creek, massive retaining 
walls were constructed. In constructing the walls the 
stone blocks were slung, one at a time, from long booms 
mounted on trucks, and carried from the places whence 
they had been broken from the solid rock to their ulti- 
mate positions in the walls. 








he. ry eee 


~* 
a * 
> ak 


“~ ~ 
ee 


Air Compressor in Foreground. Two Shovels and 


Trucks in Center and Background 
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Placing Rock in Retaining Wall 


Livided into Three Main Parts.—At the outset the 
work was divided into three main parts. M. F. Dooling, 
superintends all the grading at the lower end; Myron 
Beswick has charge of all grading at the upper end; and 
Harry Stocker is responsible for all drainage structures 
and retaining walls on the entire project. Robert 
Gleason, one of the partners of the contracting firm, is 
spending all of his time on the job. The engineer in 
charge is V. H. Littlefield, resident engineer of the State 
Highway Department. It is Mr. Littlefield’s responsi- 
bility to direct a corps of surveyors and inspectors who 
are engaged in checking all the work against specifications 
and in giving all possible aid to the contractors. The 
construction of the two smaller bridges near Cascade is 
being done by J. H. Busselle of Colorado Springs. 


Blasting Method.—Where cuts of 20 ft. or more had 
to be made, a special method of blasting was employed. 
It was the practice to begin drilling on the side of the 
hill at the depth where the new grade would be. The 
drill holes were placed so that they would break a hole 
some 2% ft. in diameter. The rock was cleaned out, 
leaving a tunnel barely large enough for a man’s body. 
The driller would crawl into the hole with his drill, and 
the process would be repeated until the tunnel had pene- 
trated to the place where the center of the new road was 
to be. At this juncture he would drill tunnels at right 
angles to the entrance tunnel,.so that a T was formed, 
the top bar of the T being along the center line of the 
new road. When all this preliminary work of making 
the so-called “coyote hole” was finished, the bar of the 


A Rock Cut in Ute Pass Improvement 





Retaining Wall; Note Height of Rock Cut 


T was packed with dynamite, and the stem or entrance 
tunnel was packed tightly with clay. 

Rock Slides—At some of the places along the road, 
where deep cuts in the rock have been made, the danger 
of rock slides is always present. One such accident 
occurred. A huge block of rock, suspended at a height 
of 30 ft. above the shovel engaged in loading the broken 
stuff below, suddenly gave way without any preliminary 
warning. It hurtled down, rolled over the heap of shat- 
tered material, and smashed into the shovel, with tre- 
mendous force. The shovel was badly damaged. The 
operator was thrown clear by the impact, but luckily was 
not hurt severely, sustaining only slight injuries to his 
legs. The shovel was repaired in less than a week, and 
the operator was again blithely manipulating the controls. 
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New Road Bed; Retaining Wall at Left; Rock Cut at Right Over 
100 Ft. High 
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New Orleans Gets Tenth Annual 
Asphalt Paving Conference 


New Orleans has been chosen by the Asphalt Institute 
for the Tenth Annual Asphalt Paving Conference. It 
is customary to rotate this selection and practically every 
city of any size extended invitations for the meeting, to 
be held this year either in the week of November 28 or 
December 5th. 

The program, in recognition of present economic con- 
ditions, will be devoted largely to phases of low-cost 
road construction, the major subjects for discussion in- 
cluding : 

1. The salvaging of all pavements which are in need 
of resurfacing or replacement, by utilizing inexpensive 
types. 

2. The serious economic aspects of tax diversion and 
tax evasion of highway revenues. 

3. The urgent necessity of designing roads in pro- 
portion to their importance—eliminating the ‘“over-de- 
signing” evil. 


The Association of Asphalt Paving Technologists will, 
as usual, meet in conjunction with the paving conference, 

Elected officers of the Asphalt Institute for the cur- 
rent year comprise: William H. Kershaw, of the Texas 
Company, president; C. W. Bayliss of the Barber Asphalt 
Company, B. L. Boye of the Standard Oil Company of 
New York and J. A. Blood of the Standard Oil Com- 
pany of California, vice-presidents; J. S. Helm of the 
Standard Oil Company of New Jersey, chairman of the 
Executive Committee ; and A. M. Maxwell of the Stand- 
ard Oil Company of Ohio, secretary. 

Asphalt Institute activities west of the Rocky Moun- 
tains are under the special jurisdiction of a managing 
committee composed of J. A. Blood of the Standard (jj 
en aad of California, chairman; W. G. Julier of the 
Gilmore Oil Company, Ltd.; S. Whitehead, Associated 
Oil Co.; J. F. McSwain of the Shell Oil Company and 
Lawrence Wolff of the Union Oil Company of Ca‘i- 
fornia. 

The Imperial Oil, Ltd., which due to economic con:i- 
tions withdrew last year, has been re-elected to member- 
ship in the Institute. 
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CULVERT PIPE, ALL. TYPES 
QUANTITIES INVOLVED 


STATE OF ARKANSAS 


The Arkansas State Highway Commission employed the novel method shown above of de- 


picting statistical data relative to its activities. 
tities used in their highway work, 





One can grasp, at a glance, the relative quan- 
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EDITORIALS 


Public Antagonism Toward Profits 
Prolongs Depressions 


EW questions are asked oftener than this: When 
F will revival from this depression begin? If the 
questioner is seeking a date, he is apt to receive no sat- 
isfactory reply. If he is seeking to learn the conditions 
tha‘ presage such a revival the answers are likely to be 

» satisfactory. Books on business cycles—and there 

» several—contain lists of conditions that have existed 
t the times that business revivals have begun. There 
ne condition that has been occasionally mentioned, 
never with sufficient emphasis, namely, that not until 
msiderable percentage of employers begin to earn 
isfactory profits does a business revival get under 


The reason for this is not far to seek. Few employers 
‘take to increase their business commitments until 
its are assured. Until many of them do begin to 
rn to a measure of their former activity, many em- 
es remain on part time or on no time at all. If pros- 

‘tive profits constitute an essential condition to business 

ival, it follows that wise legislative bodies will en- 

rage the earning of profits, and will be most active 

such encouragement during hard times. Yet exactly 

opposite of encouragement is the common tendency 

legislation. We have seen this error committed in 
the tax bill recently passed by congress and signed by 
the president. In lieu of a general sales taxes whose 
burden would be distributed over all consumers, and 
would therefore fall heavily on none, a law has been 
enacted that increases the taxes of all corporations to 14 
per cent of their net earnings. At the very time when 
profits are least the percentage of tax on those profits 
is raised to as high a point as it has ever been. “War 
time taxes” have been levied on all incomes. A “soak- 
the-rich” program has been enacted into law. 


In place of a general sales tax, special sales taxes have 
been levied, and they have added greatly to the burdens 
of certain manufacturing industries, such as the motor- 
vehicle industry. That is one of the few industries that 
has shown recuperative powers, so in order to hasten 
its recovery it has been given an extra-strong dose of 
tax poison. 


As against the gloom that necessarily follows foolish 
tax legislation, there is no slight amount of sunshine 
filtering in. That wage rates have decreased greatly is 
cause for congratulation. Those whose wages have been 
cut are apt to feel in no mood to congratulate their em- 
ployers, yet a little sober consideration might lead the 
wiser employes to do that very thing. If it is true that 
business revival will not start until profits begin to be 
restored, it follows that so long as the prices of com- 
modities decline faster than the cost of their production 
declines, just so long will hard times grow harder. Hence 
so long as wages decline more slowly than commodity 
prices, during a business slump, just so long must the 
slump increase in severity. The turn of the tide can not 
occur until reduced wages accompanied by increased effi- 
ciency of workers enable producers to cut costs below 
selling prices. 

Those who argue against this theory may point to the 
28-year fall in commodity prices between 1865 and 1893, 
which was accompanied by a slight rise in money wages. 


They overlook the fact that over that long term of years, 
inventiveness so improved machinery that production 
costs declined as fast as prices declined; whereas during 
the brief period of a business depression improvements 
in machinery do not occur fast enough to keep pace with 
the decline in commodity prices. It is the relationship be- 
tween cost of production and selling price that deter- 
mines profits. When profits are rising, employers com- 
pete with one another for employes and real wages rise. 
The converse occurs when profits are falling. 

To business men there is usually little of mystery 
about the business cycle save as to the dates of its peaks 
and valleys and the depths of the valleys below the peaks. 
They know that excessive expansion of plants and of 
debts incurred in effecting those expansions eventually 
start a depression. Just when a depression will start, 
how deep it will be, and how long it will last, they don’t 
know; and, for that matter, neither does any one else. 
The average moderate depression lasts about two years. 
A very severe one like that of ’73 or ’93 lasts about 5 
years from the time it starts until conditions are again 
normal. The present depression is not so bad as those 
of ’73 and ’93, hence it may be inferred that the bottom 
of the valley has been reached. This, however, is not 
germane to the question of how to hasten business re- 
covery. 

We may be certain of one thing, namely, that the 
rapidity of recovery will depend upon the aid that is 
given in restoring profits. If so, it is topsyturvyism to 
urge maintenance of buying power by not reducing 
wages. The misguided attempt to do so has prolonged 
this depression and has thrown many thousands out of 
employment. 

Since capital will not flow into any business that does 
not hold forth a fair prospect of reasonable profit, and 
since the employment of workers depends upon such 
flow of capital, it is indeed amazing that so little has 
been done by the public to effect a general increase in 
profits during the past two years. On the contrary our 
legislators have clubbed every head that belonged to a 
person who seemed to be making, or seemed likely to 
make, a profit. 


Vv 
Credit Restrictions as a Means of 
Preventing Depressions 


oe and depressions are largely the results of 


wide swings in the pendulum of credit. Most busi- 
ness men have experienced great curtailment of credit 
during the past two years. In many instances their 
bankers have insisted upon reductions in loans at the very 
time that they needed increases. In other cases it was 
found impracticable to sell new issues of company bonds 
as a means of liquidating maturing notes. The general 
result has been a dumping of all kinds of securities and 
real estate upon the market in an effort to raise cash. 
When the Federal Reserve Banking System was 
adopted it was believed that it would prevent drastic 
credit curtailment on the part of banks. That hope has 
not been fulfilled. There still remains something rad- 
ically wrong with our banking system, State laws against 
branch banks are among the defects of the system, for 
they discourage the expansion of the strongest banks. 
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Important as this factor is, it fails to explain the general 
debacle of credit. 

Wall Street speculation is based mainly on credit, for 
buying on margins is a credit transaction. All real estate 
booms are of the same nature—10 per cent cash and the 
balance in promises to pay. Race track gambling is less 
dangerous, for it has at least the merit of being a cash 
transaction. 

Excessive credit is conducive to excessive gambling in 
stocks and real estate. But this is not its worst eco- 
nomic feature. It leads to excessive expansion of pro- 
ductive plants. It also leads to inflation of wage rates 
and commodity prices. “Mob psychology” may explain 
excesses in speculation, but if excessive credit were not 
available, the speculation would soon come to a halt. 

Viewed from any angle excessive credit is the main 
cause both of speculation and of business expansion on 
a grand scale. Hence banking practice should be so mod- 
ified as to restrict general credit to a much greater extent 
in the future than in the past. 

Under their charters cities are restricted as to the 
total of bonded indebtedness that may be incurred. Since 
assessed values of real estate are usually conservative, it 
is rare that a city borrows beyond a reasonable limit. 
By way of contrast consider the borrowing in which a 
stock speculator indulges. His cash margin is but a small 
percentage of the market value of the stock purchased. 

It is conceivable that society would be better off if 
credit were non-existent. But there is no certainty on 
that score, and there is certainty that credit will not be 
abolished. Therefore it becomes necessary to restrict the 
flagrant use of credit. Since restrictions by law are 
usually ineffective when not backed by public opinion, 
credit restrictions should originate with bankers, brokers, 
and organized credit dispensers generally. One of the 
means by which credit may be reduced in the future will 
be through the sale of stock. If all the bonds of private 
companies were replaced by preferred stocks, the shock 
of a business depression would be greatly lessened. 

In order to increase the attractiveness of common 
stocks, and thus divert more capital into “partnership” 
channels, and away from credit channels, nearly all the 
net earnings after charges should be distributed as divi- 
dends after building up a substantial cash and market- 
able surplus. The practice of investing surpluses in plant 
enlargements and extensions has often been carried to 
an extreme. Let the stockholder be the judge as to 
where his earnings should be invested, and there will be 
fewer instances of excessive expansion of plant. 

In many ways stocks can be made more attractive to 
investors, and thus bonds can be greatly reduced. A 
heavy bonded debt is a bludgeon whose threatening aspect 
has led many a board of directors to order the discharge 
of employes in order to save the company from the pos- 
sibility of a receivership. 

Summing up, let us aim greatly to restrict business 
credits and coincidentally to increase investments in the 
stocks of corporations. One part of the problem is that 
of securing partners rather than loans. Another part is 
reducing the attractiveness of gambling under the guise 


of speculation. 
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Relay Brick Streets 

N a recent trip I was particularly struck with the 
poor condition of some of our city streets. I had 

just passed over pleasurable miles of highway brick re- 
surfacing work that was smooth and uniform. When I 
came to brick streets in cities and towns I was jostled 
out of my reveries by the rough, uneven surfaces. 











Roads and Streets 








Brick lends itself readily to relaying. Men are out 
of work. Why not put some of the unemployed at work 
tearing up old, rough, brick streets and relaying them 
again in as near accordance with present good practice 
as possible? The main expenditure would be for labor. 
Very little new material would need to be purchased. 

It will not be possible, probably, to follow best present 
practice because of the condition of some of the bases. 
However, by using mastic cushions, thus truing the old 
base to a smooth surface, the final result will be a tre- 
mendous improvement and employment will have been 
given to those directly in need in the local communit 
lf the brick street happens to be one that was laid on ; 
natural earth subgrade it would be advisable, just tl 
same, to relay it on that self same subgrade after it h: 
been trued up and waterproofed with an application ; 
road oil. By the expenditure of a few dollars more tive 
sarth foundation, after being waterproofed by a road o1|, 
could be treated with a roadmix surface of 2% or 
inches and the brick surface relaid on this low cost base. 

In any event, relaying rough, brick streets is a cor- 
munity activity for relief of unemployment deserving of 
thoughtful consideration. 
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Create Work Opportunity 


Q* one of my customary jaunts | talked with a mani 

facturer, an ex-contractor, who made the statement 
that the engineer is the only one who can satisfactorily 
solve the troubles of the present time. He stated that our 
present social organization is 50 years behind industrial 
development and that since the engineer is the one whi 
is responsible for the present industrial or mechanical 
development, he is the one who must apply his insight 
to the reorganization or progressive development of our 
social setup. The two must be brought into harmonious 
relationship before a satisfactory solution of any lasting 
nature will be obtained. 

The principal theme of this man’s argument was that 
more work opportunity had to be provided. He mace 
the statement that our present economic condition was a 
work opportunity panic. 

Consider these statements. Consider what they mean 
and to what they lead. The création of work oppor- 
tunity is the sharing of available work by all who desire 
to work. That means less hours of toil for all. 

If we were living in a Utopia and greed and selfishness 
were not a part of human characteristics we could ar- 
range a social order in which everyone worked only 
enough to help produce the requirements of everyone. 
The desire to work harder to have more economic wealth 
would not exist because we would be in a Utopia. 

But the human makeup is such that we are not only 
greedy and selfish, we also wish to be recognized over 
our fellow man; perhaps that is a form of greed. We 
desire to possess and enjoy the best this world has to 
offer. To obtain it under the present capitalistic setup 
we must collect enough of the medium of exchange, or 
its equivalent, to get it. While there are many of ws 
who, either through lack of opportunity, lack of fortu- 
nate circumstances, or poor judgment do not have as 
much of the world’s goods as we would like to have we 
believe that a system which would permit us to get them 
in proportion to the energy we expend would be a better 
arrangement than a system where everyone must share 
alike. For us a socialized capitalistic government would 
be desirable. The incentive for profit would still impel 
us into enterprise. 
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Rolling Should Start When Mixture 
Begins to Get “Tacky” 


WEATHER” ROAD SURFACES 
in Virginia 


By LeRoy O. HIneEs 


Ex-County Engineer, Princess Anne County, Va. 


T is an old and familiar axiom to engineers that “no 
structure is better than its foundation” and in no 
structure is this more immediately apparent than in 

a highway, whether it be of what is commonly known as 
the ‘*Farm-to-Market” or “All Weather” type of a costly 
trunk line which must withstand the terrific stresses 
occasioned by the action of thousands of high speed auto- 
mobiles, heavy busses, and trucks daily. 

In our county road systems as in our larger system I 
strongly advocate the stage system of construction. By 
the term “Stage System” I mean that every single move, 
beginning with the initial study of drainage through the 
lifferent stages of development of the roads, should be 
made with the single idea of its ultimate development 
into the type of road that is established for the standard 
of final finished road. 

It is well to remember that any highway of any type 
cannot be expected to repay its builders or be in any 
sense an economical investment unless care and thought 
s used in its building, for the most economical struc- 
tures are invariably the ones that receive the supervision 


of trained specialists in highway design and construction. 

Many, and I believe I am safe in saying that most of 
the counties of Virginia, have abundant base material to 
enable them to build year-round low-cost roads, which if 
intelligently constructed through the stage system can be 
finally brought to the point of efficiency where they will 
take care of all needs as safe, smooth, traffic carriers 
that will not only enable one to drive with comfort at 
any reasonable speed but will carry the heaviest loads as 
well. This material may be sand, marl, clay, shale, gravel, 
clay gravel, or stone. 

In most of our counties the basis of construction must 
of necessity be either a natural soil or a clay road. This 
soil has an affinity for sand or marl and with the addi- 
tion of a surprisingly small amount of either, with intel- 
ligent drainage and the removal of overhanging trees so 
as to let the sun assist in keeping surplus moistue off 
the surface and with good maintenance, it will be found 
that within one year’s time a surprisingly good soil road 
will be developed. With the same intelligent effort, at 
the end of another year, and with no additional cost 
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other than the regular maintenance funds, the road will 
be ready for surface treatment, provided traffic has 
mounted to such a point as to justify the expenditure of 
funds for this purpose. 

Clay has been for years a useless but abundant over- 
burden in many counties. In recent years, however, some 
use has been made of this material in a manner which has 
given some counties a low cost all-weather surface. This 
surface was obtained by the addition of stone, quarry 
waste or other road metals. Of these, stone is probably 
the most successful. This stone is usually from 1% in. 
down to dust, and in a good many instances is what is 
known as quarry waste, or dirty stone, mixed in some 
cases with stripping and an undesirable shale strata in 
limestone formations. This stone, quarry waste, or other 
metal, is usually added as a covering on the clay surface 
in the fall of the year and is allowed to be bound by 
traffic to the clay during the rainy months. Road ma- 
chining is carried on frequently and new metal added 
when necessary. If the winter and spring have been suf- 
ficiently wet the result is usually a fair type of traffic 
bound surface. After another winter the soft spots 
may be taken out and replaced, more metal added, and 
during the next summer the old clay road may be sur- 
face treaed ; finally becoming a modern, low cost, dust- 
less highway. 

Due to increased demands for improved highways with 
little or no increase in taxes for this purpose, and, due 
to the prohibitive cost of the higher types, most of our 
counties will, if well advised, be compelled to use the 
stage system of development or face bankruptcy in their 
treasuries; unless they prefer to stay in the mud for the 
rest of their lives. Stage development almost invariably 
leads to surface treatment. The term “Surface Treat- 
ment” designates the treatment of a suitable and prop- 
erly prepared base or road surface with a protective 
coating, up to one inch in thickness, of stone chips, fur- 
nace slag, or small gravel bound with a bituminous ma- 
terial. 

The functions of a surface treatment are threefold: 

First—To bind the top of soil, sand-clay, gravel, or 
other type of road in such manner as to preserve intact 
the county’s investment in such base materials. 

Second—To keep the base dry and free from mois- 
ture in winter and the surface dustless in summer. 

Third—To permit the wear to be transferred to the 
light covering which is renewable and maintainable at 
a small portion of the cost of the original road surface. 

There is an increasing tendency among highway engi- 
neers to demand heavier bituminous in their surface 
treatments. The penetration of the bituminous material 
into the surface of the base is absolutely essential to the 
long life of the finished surface. To obtain such results 
it is necessary to use as a prime coat a light bodied ma- 
terial. By the term “light bodied” I mean one that has a 
low specific viscosity. The material should be of such 
character that it will not immediately separate. If it 
does you will have as a result a bituminous mat that is 
very poorly bonded to the base. Such a mat will almost 
invariably cause ruts and corrugations to appear in the 
finished surface. 

There has been a tendency on the part of some of 
our road men to use sand or very fine gravel for the 
covering material. Extremely fine sized covering ma- 
terials are undesirable. 

Surface treated roads, after the top of the base has 
been put in good condition, may be built at costs varying 
from approximately $1400.00 to $1800.00 per mile, 18 
feet wide, depending of course on the availability of local 
material, freight rates on material, labor costs, etc. 
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County governments should recognize the fact that it is 
essential to maintain these treatments for the first two 
years very carefully and under no condition should they 
commit themselves to a program of treating low type 
roads unless a definite provision is made to give this 
road a single application of bitumen and chips during 
the spring or summer following the construction of this 
road. It should be needless to add that this type cannot 
be successfully constructed except in a season of warm 
or at least moderate temperature. This second or “fol- 
low up” treatment may be applied at an approximate 
cost ranging from $600.00 to $900.00 per mile of 18 
foot width. Annual maintenance thereafter should not 
cost in excess of $450.00 per mile. It should be remen- 
bered: “If You Cannot Maintain This Road, DON’T 
BUILD IT.” A sinking fund for the maintenance «f 
surface treated roads approximating $450.00 per mie 
or about 4% cts. per sq. yd. should be religiously set 
aside each year. 

Once a road is improved, traffic naturally multiplics 
very rapidly and the careful road executive will stucy 
not only the rapid increase in traffic, but the maintenance 
cost of his top as well. The saturation point where the 
peak of economic efficiency of a surface treated soil road 
is reached is given in statistics compiled by different 
authorities as varying between 1200 and 1500 vehicles 
of different types per 15 hour day. Personally, I believe 
that unless the base is ideal and the treatment exception- 
ably good a maximum of about 800 cars daily is all that 
a road of this type can be expected to handle econom- 
ically. 

The next stage in development would be a road-m 
or a plant-mix type of 2% in. to 4 in. in depth. 

This type of road has many distinct advantages over 
the older penetration method, since it is more cheaply 
constructed, costing from $3500.00 to $4500.00 per 
mile of 18 ft. road. The riding qualities so much in 
demand in a modern road can be built into it during the 
stage when the top is plastic and workable. The main- 
tenance cost on this type is almost negligible if proper 
attention is given to the shoulders. 

The two types of highway development here outlined 
have been highly satisfactory in selving county highway 
problems, since they can be built without undue strain 
on the finances of the average county. Surface treatment 
is now being widely and successfully used as a paving 
for residential streets in small towns and even large cities, 
for the cities, especially in the outlying residential sec- 
tions, are waking up to the fact that the stage system 
of highway development is an absolute necessity to their 
economic development. 

The indirect tax that each car owner in the average 
county pays each year due to the loss of time, discom- 
forts, danger, excess maintenance of roads and automo- 
biles and extra oil, gas, and tires, to say nothing of the 
stagnated and depreciated realty values, is far in excess 
of the direct road tax that one would pay in order to 
have real roads instead of the ruts, bumps, quagmires, 
and community drainage canals that some of our super: 
visors point at with pride and say “Our Road Tax Has 
Never Been Above 15 Cents Since I Have Been a Mem- 
ber of the Board of Supervisors.” 


In conclusion, let me say that all counties that ever 
hope to have improved highways will save an unbeliev- 
able amount of money if they will employ the services of 
a first class road man, an engineer is much to be pre- 
ferred. Don’t bleed inwardly at the thoughts of paying 
him as much for intelligent effort and economical results 
as you would a politician for throwing your money away 
through ignorance, obsolete ideas or a desire to keep 
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our money in his family or in the families of his politi- 
cal adherents. Finally, having secured the services of a 
rst class man, give him one hundred per cent coopera- 
ion and keep politics away from his office, for there is 
place for politics in the road game. The one thing 
especially wish to make plain is this: “The ungodly 
-ondition of the majority of the roads in the county and 
district systems in Virginia today is due to lack of intel- 
igent management and supervision rather than to lack 
funds.” 


Vv 
Arithmetic the Foundation 


Addition, subtraction, multiplication, division, invo- 
ion and evolution, fractions, ratios, and decimals are 
{ every-day usefulness to the student and to the en- 
ineer. Learn the short cuts and learn to check. For 
complete multiplication and division the 9 check-figure 
ethod gives an almost sure check. Most engineering 
aiculations involve data of a known degree of ac- 
-uracy, indicated not by the number of places beyond 
re decimal point, but by the number of significant fig- 
res. Multiplications and divisions with such quanti- 
ics, when not done by logarithms, should be done by 

“bob-tailed” method given by the late Professor 
vhannon in his Plane Trigonometry. 

Let us illustrate this method by multiplying 487.62 
by 64.753: 


292572 
19505 
3413 
244 

14 


31574.8 or 31575 


Instead of beginning with the 3, as is usual, begin by 
multiplying by the 6, bringing down the result, 292572, 
below the line and draw a line to cancel the last figure 
of the multiplicand. Then multiply by the second fig- 
ure, 4, of the multiplier, starting by multiplying the fig- 
ure just canceled. 4X2=—8; this is nearer 10 than 0, so 
carry 1. 4X6=—24, and adding 1 (the carried figure) 
Place the five below the last figure, 2, of the 
292572, carry 2, and proceed, as usual, to multiply by 4 
the rest of the multiplicand, canceling the next to last 
figure, 6, of the multiplicand, when through with the 
operation. Continue in this manner until all figures of 
the multiplier have been used. Then add, pointing off 


—25 
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the original number of decimal places, in this case 5, 
less the number of canceled figures, 4. The result is 
just as accurate as a complete multiplication would have 
been and about a third of the work has been saved. 

The only difficulty here is changing the habit of go- 
ing from right to left on the multiplier to the reverse. 
In division, even this trouble is saved, the only change 
in habit being to cancel a figure in the divisor when- 
ever tempted to add a zero to the dividend. Multiply 
each new figure of the quotient by the last canceled 
figure of the divisor to get the number to carry. 

487.62 


64.753 | 315748 
25901 2 


5673 6 
5180 2 


493 4 
4534 


400 
388 


Note that the first figure 4, of the quotient is placed 
directly above the first figure 2, obtained when the di- 
visor was multiplied by the 4, and that the decimal 
point of the quotient is put three places (the number of 
places in the divisor) to the right of the decimal point 
in the dividend. Get from the library a copy of Bo- 
hannon’s Plane Trigonometry and study carefully the 
chapter entitled, “Calculation Vices and Devices.” Also 
study the first chapter entitled “Logarithms.”—Ohio 
Engineering Experiment Station Circular No. 27. 


7 
Road Work Is Big Help 


More than ten thousand persons were afforded work 
directly in highway construction and maintenance work 
in Minnesota during May, according to reports made to 
State Highway Commissioner C. M. Babcock. Contrac- 
tors engaged on road work for the state had 6,390 on 
their pay rolls, while ones employed by the state on reg- 
ular maintenance and other work totaled 4,255. Accord- 
ing to a state highway department bulletin, the figures 
include those engaged in supervisory and clerical capac- 
ities as well as in actual road construction and mainte- 
nance work. 
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Development of Feeder Roads in the 
State of Connecticut 


By A. W. BusHNELL 


Engineer of Contracts & Construction, Connecticut State Highway Department 


trunk line highways, laid out by the legislature. 
Each succeeding legislature, meeting every two 
years, has made some changes to this system of roads, 
but, in general, this system consists of about 1800 miles 
of main roads connecting the cities and towns of the 
state by the most direct routes. Of this mileage, 80 per 
cent has been improved. 

The State Aid System.—Besides the trunk line sys- 
em, there is a secondary system of roads called the state 
aid system. This system was originally developed as a 
feeder system to the trunk lines. According to the law 
that governs this system, a million dollars per year is 
set aside from motor vehicle fees, which is divided 
equally among the towns in the state that annually ar- 
range to participate. The towns that participate, come 
to agreements with the state highway commissioner, as 
to the roads to be improved, the towns supplying the 
necessary rights of way, free and clear of all encum- 
berances, and paying one-eighth of the cost of the im- 
provements, if their gross receipts from the general prop- 
erty tax average $30,000 or less, or one-quarter of the 
cost if such average exceeds $30,000. The state highway 
department furnishes the engineering and inspection, 
without expense to the town, has charge of the construc- 
tion and thereafter becomes responsible for the main- 
tenance of the road and when the road becomes obso- 
lete, either with respect to line, grade, width of travel 
path, or becomes worn out, has to rebuild the road, en- 
tirely at the expense of the state. 

Standards for State Aid Roads.—Consequently, it de- 
veloped that some standards had to be set up as a min- 
imum requirement to qualify a road, before acceptance 
by the state, as a part of the state aid system. This 
standard had to be made high enough to protect the state 
from immediately having to rebuild a road just con- 
structed, because the first improvement had developed 
a traffic that the road was not capable of sustaining. 
These standards were fixed as a maximum degree of 
curvature of eight degrees, a maximum grade of 10 per 
cent and for width, a minimum of 18 ft. of traveled 
path 4 ft. shoulders, and also, the road to be not lower 
in surface type than a waterbound macadam of trap 
rock or native stone of good quality. About 860 miles 
have been built to the above standards, under the state 
aid law and about 55 miles per year are being added to 
that system. 

With 169 towns in the state, it was very evident that 
a million dollars a year, spread around on roads built 
to the above standard, low as it was, would not develop 
the rural roads into a feeder system to the trunk line 
system as fast as desired by the rural population. As 
long as eight years ago, and at every succeeding legis- 
lature, bills were introduced proposing to appropriate 
money to be spent for the improvement of their own 
local roads which were not on the trunk line or state aid 
systems. Not much headway was made with these bills 
as no great amount of public sentiment was behind them. 
The original trunk line system had been built mostly 
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of water-bound macadam, which was more or less ob- 
solete, and the state was, at the initiation of the move- 
ment for improved local feeder roads, in the midst of 
a program of replacing the worn out macadam with 
more modern types of pavement, and at the same time 
improving the alignment and grade in accordance with 
more modern practice. The money available from motor 
vehicle fees was being used almost entirely on this re- 
construction work. 

Movement for Improved Local Feeder Roads.—lIn te 
1927 legislature, however, a bill was introduced to pro- 
vide funds for the application of gravel on roads, other 
than state roads, the work to be done under the direc- 
tion of the selectmen of the various towns. This bill 
had some support, but not sufficient to get a favorable 
action from the committee to which it was referred. 

Practically the same bill was introduced again in the 
1929 legislature, and was again defeated, as it was felt 
that the terms of the bill were too general. However, 
there was considerably more support given to the matter 
of rural roads, and between the close of the 1929 legis- 
lature and the convening of the 1931 legislature, the 
Grange became greatly interested in the problem. Under 
some very able and enthusiastic leadership in the Grange, 
a Rural Roads Improvement Association was formed 
for the purpose of working up a concerted action to “get 
Connecticut farmers out of the mud,” and “to place 
every farm on a road that was usable every day of the 
year.” 

During the 1931 legislative session, a bill was pre- 
sented providing for an appropriation of five million 
dollars per year from the motor vehicle fees, for a period 
of ten years, to be spent for graveling roads not in the 
state system. As the highway commissioner had, by 
this time, accomplished a considerable part of the pro- 
gram of reconstructing the trunk line system, some funds 
could be allocated for the purposes for which the Rural 
Roads Improvement Association was working. Thus, no 
great objection was made in the committee, except as 
to the method of handling the funds, and finally a com- 
promise bill was agreed upon and adopted. The act read 
as follows: “For the fiscal year beginning July 1, 1931, 
and for each fiscal year thereafter, there shall be allo- 
cated three million dollars out of the funds received from 
the commissioner of motor vehicles to be used under the 
supervision of the highway commissioner for the con- 
struction, reconstruction, improvement or maintenance 
of highways, sections of highways, bridges, or structures 
incidental to highways and bridges, or the improvement 
thereof. No portion of said amount shall be expended 
on highways or bridges which it is the duty of the high- 
way commissioner to maintain.” 

The bill then goes on to provide that the money shall 
be divided equally among all towns that accept it and 
that the highway commissioner is to make agreements 
with the Selectmen of the various towns as to where the 
money is to be spent. The towns are to provide the right 
of way necessary for the improvement and are obligated 
for the maintenance and repair of the roads after they 























































ar 
gi 
its 


th: 
iti 
sp 
sti 
the 


must 
com] 
priat 
more 
impr 
their 
priat: 
or le 
some 
used 
uner 
rial r 

So 
let ec 
used 


1 the 
pro- 
ther 
irec- 

bill 
‘able 


| the 
felt 
ver, 
atter 
egis- 
the 
nder 
inge, 
‘med 
“get 
place 
- the 


pre- 
llion 
riod 
» the 
, by 
pro- 
unds 
ural 
5, no 
yt as 
com- 
read 
931, 
allo- 
from 
r the 
con- 
ance 
fures 
ment 
nded 
nigh- 


shall 

and 
nents 
e the 
right 
rated 
they 


July, 1932 


are improved. The state is obligated to furnish the en- 
gineering and the supervision of the construction out of 
its own funds. 

The principal differences between this 1931 law and 
the state aid law is that in most cases the town author- 
ities practically are able to select the road to be improved, 
specify the improvement desired, pay no part of the con- 
striction costs, but have the burden of maintenance after 
the improvement. 

rhe First Appropriation for Town Roads.—The three 
milion dollars set up, divided among the 169 towns in 
Connecticut, made $17,750 annually available to each 
town. As the legislature passed this law on April 14, 
1931, there was not much time to prepare a program 
for the expenditure of the money available July Ist, 
ani as most of the towns were anxious to begin work 
the earliest possible moment, to help relieve the unem- 
ployment situation, a method of procedure had to be 
worked out very quickly. 

\ meeting was called at each county seat and every 
selectman was asked to attend. At each of these meet- 
ings, the commissioner read the law, gave his interpre- 
tation, as backed by the attorney general of the state, 
and answered all questions. 

A special supervisor was appointed, who individually 
made appointments with, met, conferred, and made 
agreements with the selectmen of each town, as fast as 
the selectmen were authorized by town meetings as to 
the manner in which the money was to be spent for the 
fiscal year starting July 1, 1931. 

\ very liberal policy was adopted by the commissioner 
for the expenditure of the money, especially for the first 
year’s work, as it was felt that it was somewhat of an 
experiment by which future policies could be determined. 
The commissioner’s policy was to allow the town to 
designate the type of improvement, both as to the width 
of road, materials used and the roads or sections of roads 
to be improved. It was felt that the best interests of all 
could be served by developing local resources and that 
the selectmen had better knowledge of what the local 
conditions necessitated in their own towns. 


As fast as agreements were made between the towns 
and state, rapid surveys were carried out, estimates made 
up, bids taken and contracts let for the construction of 
the designated sections. 

State Furnished Materials.—In accordance with agree- 
ments made, the state supplied materials to 15 towns, up 
to the amount of material their allotment could purchase 
by contract, on prices received at public bids. This ma- 
terial consisted of trap rock, asphalt, tar and culverts, 
which the town forces put on their own roads, as agreed 
upon with the state. In these cases, the labor of apply- 
ing oil, stone, or placing culverts was not paid for out 
of the state appropriation, as the adopted policy pro- 
vided that all payments made from the appropriation 
must be made on contracts based on prices received by 
competitive bidding. The towns that took their appro- 
priation in materials were able to improve considerable 
more mileage, although, naturally, part of the cost of the 
improvement (the labor costs) was paid for out of 
their own town funds. The towns that used their appro- 
priations in the above manner were those that had more 
or less permanent road maintenance departments and 
some funds available for road work. Some of the towns 
used their appropriations set up for the relief of the 
unemployed, in furnishing the labor to apply the mate- 
rial received from the state under their agreements. 

Some of the cities made agreements whereby the state 
let contracts for higher types of pavements. One city 
used the money to build a concrete road, two others for 
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sheet asphalt on concrete base, while two others used the 
fund for bituminous macadam pavements with concrete 
curbs and gutters. One built a girder concrete bridge. 
Another used a part of its funds to widen a narrow 
bridge. In all, fifteen towns used some of their funds 
on smaller or larger bridge structures. 

Twenty-two agreements called for waterbound mac- 
adam, of which six were for unrolled macadam, but the 
greater majority of the towns stuck to the original pur- 
pose of the bill, which was to improve their own local 
roads, to act as feeder roads to the state system, by build- 
ing gravel surface roads. 

Variations in Agreements With Towns——There was 
considerable variation in the agreements as to the number 
of sections of road each town wished to have improved. 
They varied from 32 towns that spent all their money on 
one section of road to one town that spread the $17,750, 
available, over 34 sections of road. As a rule, however, 
the agreements called for the improvement of from two 
to four sections, designating either a starting and finish- 
ing point for each section, or designating a starting point 
and stating that that particular section of that road was 
to be improved as far as a specified sum would go. Gen- 
erally in each agreement for building gravel roads, a 
certain amount was reserved, usually approximately 
$2,500, to be spent by supplementary agreement between 
the state and town. This sum was reserved, at the sug- 
gestion of the state, to take care of unforeseen contin- 
gencies, as at the time the agreements were being made, 
neither the town authorities nor the state was quite sure 
how the whole matter would work out practically. 


Types of Roads.—Again, there was considerable dif- 
ference in the width of road desired by the different 
towns. Two towns called for 8 ft. travel paths with 
shoulders ; 30 towns called for 9 ft. travel paths, 25 with 
shoulders and five without shoulders; four towns called 
for 10 ft. travel paths with shoulders; 27 agreements 
called for 12 ft. travel paths, 19 with shoulders and 
eight without shoulders; 10 agreements called for 13 ft. 
travel path from gutter to gutter without shoulders; 49 
called for a travel path of 14 ft. width, 11 with shoulders 
and 38 without shoulders; 23 called for a 16 ft. travel 
path, 15 with shoulders and eight without; 11 called for 
an 18 ft. travel path, nine with shoulders and two with- 
out; 10 called for a 20 ft. travel path, all with shoulders. 

For the surface of the roads, outside of the city streets 
and waterbound macadam, before mentioned, the agree- 
ments of 60 towns called for bank run gravel placed 
loosely on the old road, after it had been graded, gen- 
erally spread from gutter to gutter, and 43 towns called 
for bank run gravel, rolled in place, generally built on 
a boxed out subgrade, built with shoulders of the local 
material. 

On the agreements where rolling with a power roller 
was not called for, the compaction was obtained by the 
trucks hauling on the road, the ruts being constantly 
filled by the use of a road machine, which was also used 
to spread the gravel dumped by the trucks and to shape 
up the road and form the crown. 

Surface Treatment Increased—Only 57 of the towns 
desired to have their gravel roads, at the time the agree- 
ments were made, surface treated with asphalt or tar, 
but as the work progressed and as the towns saw the 
difference obtained between the untreated gravel surface 
and the treated gravel surface, a great many supplemen- 
tary agreements were made to cut some sections of road 
short, so as to save enough out of the construction money 
to surface treat the roads, or, supplementary agreements 
were made to use the reserved funds for surface treat- 
ing the roads. 
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In thickness of gravel to be placed on the roads, the 
agreements varied, from the scarifying of an existing 
gravel road and the adding of 2 in. additional material, 
before surface treatment, to the placing of 2 ft. of gravel 
over bad mud holes and swamps. The majority of agree- 
ments, however, called for a thickness of from 6 in. to 
8 in. of gravel after compaction. 

The agreements did not go into the details of drain- 
age, but this was left to the judgment of the state engi- 
neers. Special attention was paid, both to the surface 
and subbase drainage. A good crown was built and 
grades were established on the gutters to get a quick 
run off to the culverts, which were placed at frequent 
intervals. In many cases, the opening up of the road 
to the sun and wind, by the cutting back of the brush 
on the sides, aided materially in the drying up of the 
old road surface, even before the gravel surface was 
applied, and when the pockets in the gutters were drained 
and the water carried away from the road bed, a decid- 
edly firmer subgrade was developed. Where old mud 
holes were known to exist, they were filled up with old 
stone walls, or the grade raised, generally one to two 
feet, by the use of additional gravel. 

There was considerable variation in method used in 
the handling of the engineering in the different parts of 
the state. No effort was made to make the method of 
procedure the same throughout the state, as a method 
applicable to one might not be the best method for other 
agreements. 

For the past year’s work no time limit was placed on 
the contracts, as it was felt that a great many of the 
towns might wish to bid on work in their own towns. 
As a matter of fact, comparatively few towns put in a 
bid for doing the work in their own towns. One or two 


towns bid very low, took the contract and charged off 
their loss against their fund for the unemployed. 


When One Bidder Got a Surprise—One selectman 
put in a bid, at the request of the townspeople, although 
he, personally, did not wish the town to get the contract, 
as he did not want to be responsible for the work. To 
make sure the town would not get it, he put in a very 


high price on the gravel. Unfortunately for him, the 
agreement called for so many sections of roads, scat- 
tered all over the town, that all the others looking over 
the work were disgusted in trying to find them and did 
not put in a bid. The town consequently was the only 
bidder and the contract was awarded to them. The town 
made so much money that they went ahead and fixed up 
many other sections of roads, not contemplated under 
the agreement, with the profits they made. 


Bidding Prices——The prices that were obtained by 
public bids on the gravel roads appeared to run quite 
low, for the class of workmanship called for and ob- 
tained. This was due partly to the lack of other work 
available for regular road contractors, the expectation of 
the competition of towns bidding on work in their own 
towns and the great number of local small contractors 
who felt that an excellent opportunity was presented 
to get into the road building game. The quantities nat- 
urally ran very light per mile of road, due to the nature 
of the work, and this should be taken into account in 
considering the bid prices now quoted. 

Gravel ran from 60 ct. to $1.00 per cubic yard rolled 
in place on the road, most of the bids being about 75 ct. 
per cubic yard, the average haul from the pit being from 
1 to 6 miles. 

Earth excavation ran from 35 ct. to $1.00 per cubic 
yard with the average price being around 50 ct. per cubic 
yard. 
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Rock excavation ran from 50 ct. to $3.00 per cubic yard 
with the average being about $1.50 per cubic yard. 

The average cost of a gravel road, 14 ft. in width, 
with 3 ft. shoulders, built of loose gravel and not sur- 
face treated, was $3,900 per mile. 

The average cost of surface treating was 9 ct. per 
square yard or approximately $620.00 per mile for two 
treatments of about ™% gal. and % gal., both applications 
being sanded and dragged. 

The highway department had no especial difficulty in 
getting every agreement made under contract in the 
period between July Ist and Oct. 15th. There was some 
difficulty in having the contractors finish their contracts 
within a reasonable time. It was a type of work that 
most of the former road contractors were not familia: 
with or particularly interested in. Those that did bid, 
while willing, and conscientious, were, in many cases, 
inexperienced and dragged the completion of the road 
more than was necessary. This causes the ratio of en 
gineering costs to the amount of work done to run up 
rather high. 


Selectmen Had Ideas of Their Own.—Another diffi 
culty encountered in building the gravel roads was tha 
the selectmen’s idea of the types of roads the town was 
to get varied from those specified in the agreements a: 
made. Moreover, because of political reasons, there was 
a constant shifting of desires on the part of some of th 
selectmen, either as to the road to be improved, amount 
of money to be spent on each section, or as to widths, 
or thickness of gravel surface to be placed on the road 
by the contractor. 

Moreover, there was some difficulty in finding suitable 
gravel in all places where gravel was called for. The 
state expects to have a little more time to spend on locat- 
ing suitable gravel pits this next year, before construc- 
tion starts, and it is hoped that gravel will not be called 
for where there are no suitable pits within reasonable 
haul. In such cases, the use of small portable crushers 
and local stone walls would be an ideal solution. 


How This Year's Work Will Be Handled.—While the 
highway department has only been working under this 
law for approximately six months, certain conclusions 
have been reached and adjustments. made in the method 
of procedure for next year’s work, to take care of some 
of the difficulties that have been mentioned. 

To avoid the possibility of inexperienced contractors 
dragging on the work, the highway department expects 
to pre-qualify contractors desiring to bid even on the 
low type gravel surface roads, eliminating those whose 
previous contract history has not been acceptable and 
making satisfactory financial status, previous experience, 
good working personnel and equipment a prerequisite to 
the receipt of a bid sheet. It is expected that this, to- 
gether with a reasonable bonus and penalty clause for 
time of completion will take care of the above trouble. 

To lower the high cost of inspection and engineering 
in last year’s work, it has been decided to standardize on 
the surveying, as follows: a center line will be run and 
staked at the same time, with one stake on the side for 
tangents, and one stake on each side of the road on 
curves. Cross sections will be taken and the drainage 
spotted at the same time. No topography will be taken, 
except where a change in alignment is contemplated. 

The contractor desiring to bid will be given a profile, 
cross sections, yardage sheet and a sheet showing the sta- 
tioning of the contemplated drainage and changes in 
existing conditions. There will be no plan made. 
the contract will, in all probability, be let as soon as th: 
survey is completed, the survey stakes will be used for 
grade stakes for construction. As a rule, there will b: 
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but one inspector assigned to a town, rather than one 
inspector for each section of road. 

fo take care of the difficulty due to differences of 
understanding of an agreement between the state and 
town authorities, the state has made up a blue print on 
which is shown the definite terms used in the agreement. 
Such terms as highway, roadway, road bed, travel path 
are defined so that they cannot be reasonably misinter- 
pr‘ ted. 

rypical Sections ——Also typical cross sections of five 
types of gravel roads, together with the quantities in- 
volved for various widths, and brief specifications of 
material to be used, have been drawn up and blue printed, 
so that the selectmen of the towns can pick the typical 
section best suited for their particular town’s needs. 

[hese five typical sections are, briefly: 

1) Loose bank run gravel surface, one course un- 
ro'led. 

(2) Rolled bank run gravel surface. 
width of road bed, two courses. 

(3) Rolled bank run gravel surface, boxed out travel 
path with shoulders, two courses. 

(4) Rolled screened gravel surface, surfacing full 
width of road bed, two courses. 

(5) Rolled screen gravel surface, boxed out travel 
path with shoulders, two courses. 

Surface treatment of any of the above types when 
desired will also be made a part of the agreement. 

The construction of a gravel road 9 ft. in width, with- 
out shoulders, appears to have been a mistake, because 
of the difficulty of vehicles passing each other without 
turnouts. If a 9 ft. travel path is desired, then shoulders 
will be required, of sufficient stability to carry traffic, 
which practically means the use of 14 ft. of gravel from 
ditch line to ditch line. 


Maintenance the Problem.—All of the above methods 
of remedying the difficulties that were encountered in 
the first season’s work, seemingly are simple matters, 
but there is one problem in building rural feeder roads 
under Connecticut’s new law that is not so easily solved. 
That is the problem of maintenance. The usefulness of 
low type roads depends largely on the maintenance given 
them, and it is already evident that in many towns, the 
maintenance of the roads built under this law will be 
sadly neglected. At present, when the construction of 
a section of road has been completed under the state’s 
supervision, it is turned back to the town for mainte- 
nance, but with many towns, very nominal funds are 
available for road maintenance, and the selectmen are 
not skilled in maintenance work. 


Already, roads that have been constructed and turned 
back to the towns are showing lack of maintenance. This 
has been called to the attention of the particular towns 
involved, and in many cases, the towns have made sup- 
plemental agreements, whereby the money held back on 
the original agreement is to be spent by the state to 
recondition and surface treat the roads next spring. 


[t would appear that there is a great possibility that 
eventually the legislature will place the maintenance of 
these roads on the state. 

In this eventuality, part of the money set aside for 
constructing gravel roads would have to be used for 
maintenance, and as each succeeding year more roads 
would be built, a greater percentage of the money would 
have to be used for maintenance, so that eventually, all 
the money would be used for maintenance and none for 
new construction, unless the amount available for each 
town is increased. 
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Acknowledgment.—The foregoing is a paper pre- 
sented at the 1932 meeting of the Association of High- 
way Officials of the North Atlantic States. 
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Annual Meeting International Asso- 
ciation of Public Works Officials 


Officers of the International Association of Public 
Works Officials are now putting the finishing touches on 
a program for their annual conference which will be 
held at the Hotel William Penn in Pittsburgh, Pa., on 
Sept. 29 and 30 and Oct. 1. 


One of the features of the annual gathering is to be 
an address upon “The Economic Re-adjustment and Its 
Relation to the Public Works Official.” At the session 
when this subject is presented, Lester W. Herzog of 
Albany, N. Y., will be in the chair. He is a past presi- 
dent of the association and president of the Common 
Council in Albany. The speakers chosen to handle this 
important subject are C. A. Dykstra, city manager of 
Cincinnati, Ohio, and Robert P. Marsh, superintendent 
of streets and engineering in Springfield, Mass. 


The association plans this year to give particular atten- 
tion to the Uniform Street and Sanitation Record Sys- 
tem which it is sponsoring in common with most other 
municipal organizations. Advice on handling payrolls 
and equipment, the purchase and storing of materials and 
supplies, as well as budgeting and controlling expenses in 
accordance with the system will be outlined. Then vari- 
ous city officials who have adopted the system wholly or 
in part are to tell of their experiences with it. Among 
those slated to speak of their experiences are Alfred E. 
Roche of Troy, N. Y.; John R. Manion of Cincinnati, 
©.; E. E. Chadwick of Winona, Minn.; J. White Guyn 
of Lexington, Ky., and P. J. Hurtgen of Kenosha, Wis. 


A timely talk is to be given by Harrison P. Eddy, 
consulting engineer of Boston, Mass., on the subject 
“Locating an Incinerator and Meeting the Objections of 
the Taxpayer in a Practical Way.” 


Sewer matters are to come in for their share of atten- 
tion. Three widely known city officials have agreed to 
speak on “Sewer Maintenance and Inlet and Catch-basin 
Cleaning.” These officials are: Charles I. Palmer, engi- 
neer in charge of sewer construction and design, Pitts- 
burgh, Pa.; Elwood Johnson, associate maintenance engi- 
neer, Washington, D. C., and John S. Flockhart, assistant 
engineer, Bureau of Street Cleaning, Newark, N. J. 


The conference at Pittsburgh will be staged under the 
guidance of the following staff of officers: President, 
H. D. Bradley, deputy street commissioner, Toronto, 
Can. ; first vice-president, Carl Schneider, mechanical en- 
gineer, Division of Public Works, New Orleans, La. ; sec- 
ond vice-president, T. L. Costigan, superintendent of 
street cleaning, Washington, D. C.; third vice-president, 
Mark B. Owne, commissioner of public works, Dear- 
born, Mich. ; treasurer, P. J. Hurtgen, director of public 
works, Kenosha, Wis. 

The Board of Governors of the Association includes: 
Alfred J. Paul, superintendent of public works, Ann 
Arbor, Mich.; James Garberg, superintendent of streets, 
Minneapolis, Minn.; Dr. M. B. Herlong, city commis- 
sioner, Jacksonville, Fla.; L. E. Dempsey, superintendent 
of sanitation, Greensboro, N. C.; E. A. Wood, chief of 
street cleaning division, Winnipeg, Canada; Edwain A. 
Miller, supervisor of maintenance, Rochester, N. Y., 
and Wilbur H. Winship, street commissioner, Indian- 
apolis, Ind. 
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A bridge or a culvert that has outlived its 
temporary usefulness should be replaced by a 


Good evidence from Virginia that gravel roads will 
break up unless properly maintained or surfaced 
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Culvert of a more permanent construction with 
adequate waterway and more sightly appearance 


In this case the road received a surface treat- 
ment, thus converting it into an “all-weather road” 
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The Michigan Transport Survey 


By L. E. 


PEABODY 


Senior Highway Economist, U. S. Bureau of Public Roads 


P NHE Michigan transport survey is the first in which 
the traffic of all these vast highway systems—city 
streets, trunk line, county highways and township 

roads—have been simultaneously studied. Traffic use of 
each type of highway by local, and by foreign cars was 
secured at over 1000 points covering approximately 4000 
sections of highway throughout a full year. The term 
“foreign cars” applies to cars owned outside the boun- 
daries of the governmental unit in which the data were 
secured. In the case of the township the use of the trunk 
line, the county system and the township system of that 
township was obtained for cars owned within the town- 
ship and for those owned elsewhere. In the case of the 
county, traffic use of the county and trunk line systems 
by owners resident within and without the county was 
secured. 

In addition data with regard to use of city streets by 
local and non-local traffic were gathered at over 400 
points within the seven cities of Detroit, Grand Rapids, 
Flint, Lansing, Jackson, Ann Arbor and Niles. 

A scientific basis for highway expenditure and the 
division of highway income must rest fundamentally 
upon the relative traffic use of these various highway 
systems. How much of the traffic on the township sys- 
tem arises from vehicles locally owned? How much do 
the vehicles of each township use the county system or 
the trunk line system? Is there a balance due the town- 
ship as a result of the interchange? If so, what part 
of this favorable balance is the responsibility of the 
county? Of the state? 

The total road fund of the state, which is the com- 
bined income for highway purposes of the cities, town- 
ships, counties and the state, may be apportioned upon 
the basis of traffic use of each of the highway systems. 

Another objective of the survey is at least an approxi- 
mate determination of the amount of rural highway which 
should either be abandoned or be maintained by residents 
thereon. Certainly it would be considered unreasonable 
to require a municipal water system to extend its main 
long distances for a small number of users without pay- 
ment in whole or in part by the benefited parties. So 
there is clearly an economic limit to the demands upon 
governmental units for the maintenance of individual 
rural roads. Fixing of such a limit is both difficult and 
delicate; but until such limit is arrived at, the mass of 
the population of the state is carrying the burden of con- 
struction and maintenance of a relatively large mileage of 
highway for the use of an extremely small number of 
individuals. 

A study of tourist traffic was included in the survey. 
The origin of tourist cars by the states in which the ve- 
hicles were registered, the type of housing accommoda- 
tions used by the visitors, the number of tourists owning 
summer homes, mileage traveled within Michigan are 
included and separate consideration of Canadian tourists 
is being given in this study. 

Another phase of the work, at the suggestion of Pro- 
fessor R. L. Morrison, took up the relationship between 
volume of city traffic during peak hours of travel, total 
street width, effectual street width after making neces- 
sary deductions for parked vehicles, safety zones and 
other obstructions, and the presence or absence of street 
cars tracks. 





Although the data obtained included more than 15,000 
separate traffic observations upon rural highways sep- 
arated into 35 different classifications by origin and type 
of vehicle and applying to the three rural highway sys- 
tems: trunk line, county and township highways. In the 
city surveys more than 19,000,000 vehicles were counted 
and a sample of one-third of these were recorded and 
classified by using the license tag numbers to determine 
the residence of the car owner. Field work was com- 
pleted in September, 1931. 

No complete statement of conclusions is now possible. 
although a few tentative statements may be made. Ap- 
proximately three-fourths of all tourist traffic in Mich- 
igan originates in adjoining states. Over half the vis- 
itors stay three days or less; yet one of each eight vis- 
itors remains for a period greater than two weeks, ex- 
tending the visit in a few instances to more than six 
months. Nearly half of the visitors use hotels and about 
one tourist in eight owns a summer home in Michigan 
The campers are about one in ten. More than half the 
tourist cars carry one or two passengers, the average is 
approximately 2% persons per car. Over half the tourisi 
cars traveled 140 miles or in excess thereof daily. 

The use of city streets by residents of the city varies 
from 48 per cent of all city traffic in Niles to nearly 80 
per cent of all city traffic in Detroit. Apparently the 
percentage of city traffic originated by residents is more 
closely related to the mileage of trunk line highway 
within the city than to the population of the city and, 
until this point is completely investigated, the figures 
given are tentative, although they are closely representa- 
tive of the extreme values for cities ranging from 10,000 
to over 1,000,000 population. Below 10,000 population 
the percentage of use of city streets by local residents is 
more variable and, as the number of samples is larger, 
the analysis is not completed to a point permitting definite 
statement. However, the cities represented in the range 
from Niles to Detroit include 43 per cent of the total 
population of the state and 63 per cent of Michigan’s 
urban population. 

If we consider traffic upon the trunk lines leading 
through these cities, we find that the relative volume of 
local traffic carried was below that upon the other streets 
of the city with averages ranging from 41 per cent in 
Niles to 73 per cent in Detroit. As the center of the city 
is approached the proportion of local traffic increases; 
for example, on Woodward avenue at Eight Mile Road 
58 per cent of the traffic was originated by Detroit resi- 
dents, while on the same avenue at Grand boulevard, 
Detroit traffic was 76 per cent of the total. Other in- 
stances at Detroit are tabulated below: 

Per Cent of Local Traffic 
Near City Limits Near Center of City 
Grand River Ave...... 62 


Michigan Ave.......... 49 76 
Woodward Ave........ 58 76 
East Jefferson Ave..... 78 81 


One item of information that was not secured in the 
survey covered the expenditures per day by the various 
classes of tourist-campers, visitors with friends or rela- 
tives, those who used hotels, and so on. Inquiries into 
this question have developed little information and it is 
not possible to make an accurate estimate of the value 
of this traffic to Michigan without such data. 
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Toll of One-Third Cent 
a Mile Paid by Aver- 
age U.S. Motorist 


Although toll roads, as such, have vir- 
tually disappeared in the United States, the 
erage motorist still pays a toll of ap- 
»ximately one-third of a cent for every 
mile his car travels. This fact is cited by 
e American Road Builders’ Association 
an evidence that highways produce reve- 
ie at a rate not thoroughly appreciated 
hen it is dealt with in aggregate figures. 
“Like most figures relating to such a 
far-flung phenomenon as highway trans- 
rt, that which shows a total annual reve- 
rue of $536,397,458, in gasoline taxes needs 
be broken down into smaller detail for 
full meaning to become clear,” says 
harles M. Upham, engineer-director of 
the organization. “When that is done, it 
revealed that there is what amounts to 
toll of close to one-third of a cent a 
mile on automobile travel in this country. 
“Tt is estimated that the average among 
the 26,000,000 motor vehicles in the United 
States yields 12 miles to the gallon of 
casoline consumed. The average gasoline 
tax rate is 3.48 ct. a gallon. The tax per 
mile, then, is 0.29 ct. which means that 
for every 3.4 miles his car goes, the motor- 
ist pays 1 ct. for the use of our highways. 
“Consideration of the earning power of an 
improved highway on this particular basis 
makes it evident why private interests are 
willing to finance the construction and 
operation of what are strictly toll high- 
ways. Such projects are proposed from 
time to time in various parts of the coun- 
try. The willingness of private interests 
to finance them is based upon the well- 
established fact that motorists will pay for 
the use of any improved road, making its 
creation one of the soundest of investments. 
“However, it is because of the capacity 
of good highways to pay immediate divi- 
dends that public ownership is so univer- 
sally demanded and why privately built and 
operated toll roads are so widely frowned 
upon. An analysis of the earning power 
of a good road as reflected in gasoline tax- 
revenues clearly establishes the wisdom of 
public ownership as well as the need for 
extension of our highway system.” 


One-Room Schools Be- 
come Fewer as Improved 
Highways Increase 


The little red schoolhouse continues its 
retreat before the motor age. Its rate of 
disappearance is definitely proportioned to 
the rate of increase in improved highway 
mileage. Every acceleration in road con- 
struction is marked by a corresponding de- 
crease in the number of one-room schools. 

These points are well borne out by a 
recent comparative analysis of school and 
highway data by the American Road 
Builders’ Association. These statistics, 
dealing with five typical states, reveal strik- 
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ingly the meaning of better transportation 
to improvement in educational facilities. 

In North Carolina, the analysis shows, 
these were 2,989 one-room schools in 1924, 
and 1,714 miles of improved highway. By 
1930 the first-class highway mileage had 
increased to 4,025, while the number of 
single-room schools had declined to 1,400. 
The state presents one of the most em- 
phatic evidences of the principle that the 
consolidation of rural schools is entirely a 
matter of efficient transportation. 

Indiana, in the middle-west, has made 
the same kind of progress, the associa- 
tion’s comparison shows. In 1924 that 
state had 3,452 one-room schools and only 
911 miles of first-class highways. In 1930 
the number of schools had dropped to 
2,050, while good road mileage had in- 
creased to 3,137. 

Precisely the same trend is shown in the 
other three states covered by the compari- 
son. This trio includes Virginia, Ala- 
bama and South Carolina. The first- 
mentioned shows a gain of 850 miles in 
highways and a decline of approximately 
450 one-room schools in the six-year 
period. In Alabama good roads increased 
from 128 to 775 miles while one-room 
schools decreased from 3,365 to approxi- 
mately 2,900. South Carolina’s road mile- 
age climbed from 238 to 1,467 between 1924 
and 1930, while the number of single room 
schools dropped from 2,561 to 1,600. 

Commenting on the analysis, T. H. Cut- 
ler, president of the American Road Build- 
ers’ Association, says: 

“The states studied comparatively may 
be taken as typical of the situation which 
shows that school consolidations are con- 
tinuing to be made at a rate definitely pro- 
portioned to the improvements in state 
highway systems. In the old days it was 
necessary to take the school to the child 
because it was impossible to take the child 
to the school. Now that condition is re- 
versed and the little red schoolhouse 
definitely is on its way out of the social 
picture of the United States. 

“The figures show that it is not neces- 
sary to divert motor vehicle taxes directly 
to education to make highway transport a 
profoundly favorable influence upon this 
function of our governmental system.” 


Highways Are a “Self- 
Liquidating”’ Investment 


Profits from improved highways based 
on savings in transportation costs, time 
savings, and increased comfort and con- 
venience in daily life more than equal the 
cost of such road building and are truly 
“self-liquidating” investments declared T. 
H. Cutler, president of the American Road 
Builders’ Association. 
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Builders’ News 


The profits from the 700,000 miles of 
improved roads in the United States have 
been estimated as high as $2,000,000,000 
annually,” stated Mr. Cutler. “These 
profits represent the savings over what 
travel would have cost had these country 
roads remained in an unimproved state. 
The losses that result in cities where 
streets are unimproved are beyond esti- 
mation. 

“Motor vehicles traveled last year 
around 180 billion miles based on gasoline 
consumption of 15 billion gallons at 12 
miles per gallon for each vehicle. It is 
estimated that at least half this traffic is 
on the 700,000 miles of improved roads out 
of the 3,000,000 miles of highways in the 
United States. Improved roads lead to 
savings of from 2 to 4 ct. per mile 
traveled.” 

Mr. Cutler believes that these travel sav- 
ings are but a small part of the profits of 
improved roads. The balance sheet of im- 
proved roads shows also on the credit side 
social advantages of inestimable value, 
police protection and increased safety to 
the traveler, improved postal facilities, in- 
creased property values due to better trans- 
portation, improved business facilities that 
benefit the individual merchant, manufac- 
turer and farmer, savings in school ad- 
ministration, and the development of recre- 
ational facilities that have resulted in a 
business with a turnover of several billion 
dollars annually. 

“The benefits of good roads may easily 
amount to several times the cost computed 
in dollars and, in addition, an amount be- 
yond estimation in health, happiness, con- 
venience, safety and higher standards of 
living that improve the business of every 
manufacturer and merchant in the coun- 
try,” continued Mr. Cutler. “Highway in- 
vestments are ‘self-liquidating’ in more 
ways than one. Also they are a capital 
investment in better business, the profits 
of the investment being enjoyed for many 
years.” 

v 


Road Building Program 
Will Encourage Business 


Beginning a program of public works 
with increased road building as an essen- 
tial part will serve as a “spark plug” to 
start business activities on the up grade 
through the attendant stimulation of pub- 
lic buying. This belief was expressed by 
T. H. Cutler, president of the American 
Road Builders’ Association, in discussing 
present business needs. 

“Business recovery is dependent on the 
general resumption of trade which will 
come about most quickly through increas- 
ing the purchasing power of the general 
public,” Mr. Cutler declared. “With ten 
million people unemployed, according to 
newspaper reports, and a general curtail- 
ment of spending through fear of further 
losses or plain lack of money, a bold move 
is needed to start things off. Otherwise, if 
renewed business activity is left to some 
chance happening, the turn for the better 
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may be postponed for an indefinite period. 

“Public works construction, especially 
highway building, offers the brightest 
promise of an immediate stimulation of 
business without a counterbalancing pro- 
duction of goods and commodities for a 
market that appears to be glutted, as 
judged by commodity prices. 

“The train of increased employment 
reaching back through many communities 
and many industries that will be started by 
a public works program is bound to have 
a beneficial effect on business,” Mr. Cutler 
concluded. 


Road Builders’ Bulletins 
Being Distributed 


Bulletins covering many interesting 
phases of road building are now being dis- 
tributed by the American Road Builders’ 
Association, Washington, D. C. Many re 
quests are being received from engineers, 
highway manufacturers, and 
others interested in all phases of road 
building for these technical and popular 
discussions of highway affairs. 

The bulletins are sent free upon request 
to those actively engaged in highway 
work. 

Following is a list of the bulletins avail- 
able for distribution: 

No. 25.—Recent Practical Develop- 
ments in the Design and Construction of 
Reinforced Concrete Pavements and Bases. 

No. 26.—Motor Freight. 

No. 27.—Low Cost Roads. 

No. 28.—Concrete Pavements. 

No. 29.—Equipment for Spreading and 
Finishing Bituminous Pavement Surfaces. 

Recent Practical Developments in De- 
sign and Construction of Asphalt Pave- 
ments. 

No. 30.—Uniform Cost 
(County Bulletin). 

Purchasing Methods (Not yet pub- 
lished ). 

No. 31.—Administrative and Financial 
Relationship of State and County (Meth- 
ods of State Aid Extension) (County Bul- 
letin). 

Methods of Promoting Bond Issues. 

No. 32.—Pavement Finance (City Bul- 


officials, 


Accounting 


letin). 

Traffic. 

No. 33.—Design and Construction (City 
Bulletin). 

Maintenance. 


No. 34.—Recent Practical Developments 
in Design and Construction of Brick 
Pavements. 

The following is a resumé of the con- 
tents of these bulletins: 

No. 25.—Recent Practical Developments 
in the Design and Construction of Rein- 
forced Concrete Pavements and Bases. 

The Committee on “Reinforced Concrete 
Pavements and Bases” has submitted a 
very thorough and comprehensive report 
as presented at the Detroit Convention. 
This committee report presents a discus- 
sion of the important theoretical principles 
and practical features pertaining to con- 
crete pavement design and construction. 
together with tabulation and analysis of 
data on current design practice as revealed 
by a nation-wide survey covering the 
structural details of design standards as 
established by the various state highway 
departments. 





No. 26.—Motor Freight. 

A series of discussions of various phases 
of motor freight legislation, regulation 
and economics as presented before the 
Motor Freight session of the 29th Annual 
Convention in Detroit is presented in this 
bulletin. 

Following are the discussions: 

A discussion on the utility of the high- 
way is submitted and it is contended that 
expansion of business is impossible with- 
out the highway. Rail and highways trans- 
portation are contrasted. The discussion 
is presented by H. S. Shertz of Philadel- 
phia, specialist in highway transportation. 

The threat to highway expansion and 
vehicle use on the highways, due to in- 
creased taxes, is described and attention 
is called to the fact that 5,000,000 people 
are employed in the automobile and road 
building industries and that a decrease in 
this activity would result from exorbitant 
penalty taxes. The discussion is presented 
by E. F. Loomis, manager Motor Truck 
Division, National Automobile Chamber 
of Commerce. 

The modern highway is described as a 
democratic institution. The discussion also 
includes information on the effects of mass 
production, distribution, and remarks on 
the highway as a connecting link between 
production and consumption. The discus- 
sion is submitted by Tom Snyder, Secre- 
tary-Treasurer of the Truck Association 
Executives of America. 

A saving of 15 to 50 per cent on tires 
was shown possible in an illustrated re- 
port by G. M. Sprowls, Manager, High- 
way Transportation Department, Good- 
year Tire and Rubber Co. 

Court decisions and other requirements 
about insurance were discussed by W. O. 
Dilks, specialist in casualty and transpor- 
tation insurance, Philadelphia. 

The purpose of the railroads as seeking 
to acquire a monopoly of all forms of 
transportation was discussed by Day 
Baker, transportation engineer and _ legis- 
lative counsel of the Motor Truck Club 
of Massachusetts, Boston. 

No. 27.—Low Cost Roads. 

This bulletin is divided in three parts: 
“Equipment for Construction and Main- 
tenance of Low Cost Roads,” “Plant Mix,” 
and “Recent Practical Developments in 
Design and Construction of Low Cost 
Road Surfaces.” A survery of practice 
and trends in methods, plant and equip- 
ment is presented. Trends in low cost sur- 
faces by miles are shown. 

In the section on road mix the latest 
practice and equipment for resurfacing 
old highways are described. Details of 
handling materials are given. Specifica- 
tion requirements are indicated. The sec- 
tion is profusely illustrated. 

No. 28.—Concrete Pavements. 

Material in this bulletin is based on data 
obtained from a condition survey of con- 
crete pavements in 11 states. Rational 
joint spacing in concrete pavements is dis- 
cussed and construction and maintenance 
practices that may lead to joint defects 
are described. Conclusions and _ indica- 


tions as to practice are given. 

Single track roads are discussed in de- 
tail together with a resumé on procedure 
in sections that recently have installed such 
pavements. 
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Equipment for spreading and finishing 
concrete pavements is described. 

Bins and batchers used with bulk ce 
ment and ready mix concrete are con- 
sidered in detail in addition to the han- 
dling of bulk cement. 

Central and truck mixed concrete han- 
dling based on a survey of conditions in 
42 state highway departments and 56 cities 
is included in the discussion. 

No. 29.—Equipment for Spreading and 
Finishing Bituminous Pavement Surfaces. 

The mechanical spreading of bituminous 
mixtures with special attention to hot 
mixes is described in detail. 

Recent Practical Developments in De- 
sign and Construction of Asphalt Pave- 
ments. 

Both the design and control of hot 
mixes and improvements in equipment are 
considered in this section. Details of 
various mixes are described. 

No. 31.—Administrative and Financial 
Relationship of State and County (County 
Bulletin). 

Methods of state aid extension are de- 
scribed in this bulletin. A survey of meth- 
ods of administrating and financing in a 
number of states is included. Recom- 
mendations as to highway administration 
are given. 

Methods of Promoting County Bond 
Issues. 

The reason for issuing bonds are given 
in this section, together with a discussion 
of methods used in developing public sen- 
timent for county bond issues. A number 
of cases of the procedure in bond issue 
promotion in different sections of the 
country are included. 

No. 32.—Pavement Finance (City Bul- 
letin). 

This bulletin is divided in two parts: 
Pavement Finance and Traffic. 

The trend of financing of city pave- 
ments is discussed and various sources of 
revenue, present and future, considered. A 
summary of state contributions to cities is 
included. . 

The section on traffic includes an in- 
terpretation of the term “right of way”— 
building safety and facility into the high- 
way—laning of traffic—modern practice 
in safety zone design and use—radii of 
curves at intersections—and the control 
of multiple intersections. 

No. 33.—Design and Construction (City 
Bulletin). 

The design and construction of concrete 
pavement bases in cities is described in de- 
tail in the first section of this bulletin. In- 
formation from various state highway de- 
partments is included. 

Maintenance. 

The section on maintenance describes 
the control of utility cuts, low cost resi- 
dential streets, maintenance materials and 
methods as practiced in Washington, D. C., 
and the repair and reclamation of asphalt 
streets using the surface heater method. 

No. 34—Recent Practical Develop- 
ments in Design and Construction of 
Brick Pavements. 

The complete procedure for the con- 
struction of a modern brick pavement is 
given in this bulletin including base 
courses or foundations, cushions, brick 
courses, filler, specifications for filler, and 
relaying, replacement and resurfacing. 
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New Equi 


New Heavy-Duty 


Tractor 


The White Company, Cleveland, O., has 
znnounced a new super-heavy duty tractor 
cnown as the Model 691 intended for heavy 
uty transport hauling. It has been espe- 
ally designed to meet the new 40-it. 
maximum allowance in certain states and 
makes possible the use in general opera- 
tion of longer trailers and bodies without 
creasing the overall combination vehicle 
ngth. 

The engine is the White 5-AD, 454x534, 
-cylinder, with a displacement of 580 cu. 
n. This engine is of the overhead valve 
ype, similar in general design to the series 
f overhead valve engines manufactured 
y The White Motor Company during the 
ist five or six years. 

The transmission is a White 5-speed unit 

ith a silent over-direct drive, over-direct 
lrive ratio being 0.715. The clutch is of 
the single plate oil type used so success- 
fully in White vehicles for many years. 

The front axle has been specially de- 
signed with a wide tread for a short turn- 
ing radius, and the rear axle is of the 
double reduction type with the carrier dif- 
ferential assembly doweling feature now 
ised on all White heavy duty vehicles. 
Rear axle ratios are 8.36, 10.15 and 11.85. 
Heavy duty radius rods are furnished. 
[he service brakes are of the four-wheel 
internal expanding type, air operated, and 
the emergency brake is of the disc type 
mounted at the rear of transmission. 

The cooling system includes a_ gear- 
driven centrifugal pump, with a large 
heavy duty tubular radiator and thermo- 
static control of water temperature. 

The gasoline tank, mounted on right side 
of frame, has a capacity of 65 gals., and, 
at a slight extra cost, an additional 45- 
gal. tank can be mounted at left side. 


White Heavy Duty Tractor 


A pressed steel channel section type 
frame of alloy steel is used and heavy 
cross members are included for maximum 
strength. Heavy duty type ‘ow hooks are 
furnished front and rear, and a heavy 
channel section pressed steel bumper is 
standard equipment. 

The steering has been especially designed 
to allow the driver to be forward of the 
conventional position, and the steering has 
been made exceptionally easy. 
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ment and Materials 


The standard tire equipment is 10.50/24 
balloon single front and 10.50/24 balloon 
dual rear on cast steel wheels. 

The instruments have been arranged in 
the cowl for good driver visibility, and the 
ignition switch, spark control, and choke 
control are also conveniently located with 
reference to driver. Air gauge, ammeter, 
oil pressure gauge, and heat indicating 
gauge are regularly furnished. 

The springs are semi-elliptic front and 
rear, with the double wrapped eyes on 
front springs, and the slipper type at rear. 

Wheelbase is 129% ins. Tonnage rating 
is 7-9 tons. 


Self-Propelled Railroad 
Compressor 


An air compressor intended primarily 
for the railroad industry has been an- 
nounced by Schramm, Inc., West Chester, 
Pa, 

A standard Schramm compressor, con- 
taining all construction features that the 
portable compressor embodies, is mounted 
on a substantial rail car. The same engine 
that drives the compressor unit propells 
the outfit by means of heavy chain drive. 
The outfit has a clutch feature which en- 
ables the operator very easily and quickly 
to disconnect the compressor from the en- 
gine so that the car may be propelled 
without wear on the compressor. 

Four sizes are built in gasoline engine 


drive—120, 180, 240 and 360 cu. ft. dis- 


placements. Motor-driven outfits can be 
supplied for operation from power lines. 

The rail car is equipped with hand 
brakes, a substantial running board, tool 


box, and transverse wheels for derailing. 


Schramm Rail Car Compressor 
Lifting bale for hoisting is supplied as 
standard equipment. 

The Schramm rail car compressor will 
operate up to a speed of 20 m.p.h. in either 
forward or reverse. 

v 


New 14-Yard Power 
Shovel 


A new l-yd. power shovel—Keystone 
Model 17—has been announced by the Key- 
stone Driller Co., Beaver Falls, Pa. The 
machine is equally usable as a_ l-yd 
standard shovel, a l-yd. skimmer machine, 
a pull-scoop ditching outfit and crane with 
clamshell. By the use of very large V- 
type friction wheels in the main drum and 
planetary gearing, it is stated to have been 
possible to obtain an unusual variability in 
control of line speed. It is stated the 
operator is able to use any line speed from 
nothing up to 120 ft. per minute for skim- 
mer, standard shovel and pull-scoop and 
160 ft. per minute for crane operation. 

Carrying the same principle of design 


Keystone Model 17 equipped with 18-Ft. Standard Shovel Boom and 1-Yd. 
Dipper Bucket 
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into the planetary sluing mechanism, it has 
been found possible to give the machine, 
at the will of the operator, any desired 
sluing speed from zero to 5% revolutions 
per minute. Roller and ball bearings are 
used in planetary gears, and under main 
drum and transmission shafts. 

The six types of buckets or utilities, 
available with the Keystone Model 17, re- 
quire only three different booms; first, the 
skimmer-pull-scoop 21 ft. double channel 
boom for operating the heavy, plunger type 
skimmer bucket and the characteristic line 
of Keystone pull-scoop ditching buckets; 
second, the standard shovel boom, box gir- 
der type, with split 16-ft. dipper ticks; 
third, the 40 to 50-ft. crane boom, lattice 
type, special tubular construction. In addi- 
tion, a handy extension for the skimmer- 
pull-scoop boom, making it either 24 or 30 
ft. long, enables the operator to change 
quickly from either skimmer or pull-scoop 
to clamshell operation with very little 
trouble or loss of time. 

The illustration shows Model 17 equipped 
with 18-ft standard shovel boom and 1-yd. 
dipper bucket. The weight of the machine 
so equipped is 74,000 Ib. approximately. 
Weight with skimmer, pull-scoop or crane 
61,000 Ibs. powered with 82 hp. Climax 
Bluestreak engine. 


v 
New 2-Yard Dragline 

A new 2-yd., high speed, high powered, 
dragline has been placed on the market by 
Harnischfeger Corporation, Milwaukee, 
Wis. This new P & H machine is known 
as the Model 780. It is stated to have a 
hoist line speed of 180 ft. per minute, 
dragline speed of 150 ft. per minute, and 
a rotating speed of 3 r.p.m. The machine 
is powered with a 160-180 hp. motor— 
either gasoline or Diesel. Power clutches 
are employed on all controls. <A _ special 
P & H internal band clutch is used on the 


jack shaft for added efficiency and 
reliability.” 
One of the most important features 


claimed for the new machine is its high 
degree of mobility. The traction mech- 
anism is gear driven and is fully enclosed. 
In “high gear,” the machine has a speed of 
89 miles per hour, while its low gear so 
multiplies the power that it is stated it can 
get through the heaviest kind of going. 

Other notable features of the new ma- 





New 2-Yd. 60-Ft. Boom 





chine include: Single piece alloy steel cast- 
ings for all main frames to assure rigidity 
and obviate distortion of bearings; the 
upper structure revolves on 26 solid steel 
rollers operating on a roller path 8 ft. 2 in. 
in diameter, thus providing an unusual de- 
gree of stability. Shafts are of chrome- 
manganese steel, forged and heat-treated ; 
gears are cut from high grade alloy steel 
and are then heat-treated for long life. 

A weight of 141,000 Ib. indicates the 
sturdiness of construction throughout. Yet 
the corduroys are sufficiently long and the 
the weight is so well balanced that there is 
a ground pressure of only 10.75 lb. per 
square inch. A 60-ft. boom is used in 
the 780 as standard equipment. 


New Wheelbarrow 
Batching Scale 


A compact, conveniently operated scale 
for batching materials to pre-determined 
weight-formulas has been placed on the 
market by the Howe Scale Co., 123 Lafay- 
ette St., New York, N. Y. 

It is stated the three beams and special 
balance indicator make it possible to batch 
with swiftness and precision a variety of 
materials or ingredients. Poises are set to 
weights desired for various materials; and 
materials loaded on platform. As materials 
are loaded, beam for each material is re- 
leased by latch. Material is increased or 
decreased until balance indicator shows 
zero. Poise may be reset on a beam after 
weighing one material so as to accommo- 
date a second material, provided total 
weight assigned for materials does not ex- 
ceed capacity of beam. The beam box may 
be locked if desired, as where materials are 
batched to a secret formula. In this case 
only one material can be assigned a beam, 
as poises will not be accessible. 

General specifications are: All steel 
welded frame and platform; all steel scale 
levers. Platform adjustable for height. 
Beam box made of 5-in channels; back of 
sheet metal, welded on. Front of box has 
removable sheet, which slides into weather- 
proof groove at the top and locks in place 
at the bottom. 

The three loading sides of the scale are 
protected by a 10-in. channel box to pre- 
vent levers from becoming clogged by 
material working under them. The beam 





Dragline of Harnischfeger 
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Front View, with Plate Removed, of Howe 
Wheelbarrow Batching Scale 


wn 


side is open for inspection. Bracke: 
fasten to the box at the ends of the plat 
form and to these run boards may be at 
tached. The brackets also serve as lifti: 
handles so that the scale may be moy 
easily. 

Beams are as follows: One main or tare 
beam, not graduated unless requested; but 
fitted with poise to draw 500 Ib. at the end 
of poise run. Two charging beams, each 
graduated 500 Ib. by 2 Ib.; poises with set 
screws. 

A third charging beam can be added if 
desired. A special Howe “over-and-under” 
balance indicator is provided. 

v 


Three-Unit Bituminous 


Paver and Finisher 


The Barber-Greene Co., Aurora, IIl., has 
announced that its bituminous paver and 
finisher is now manufactured as a three- 
unit machine, thus increasing the utility. 

What was previously the paver is now 
two units consisting of a special loader as 
the first unit and the mixer as the second 
unit. The finisher is practically the same 
as before with the exception of some minor 
improvements. The loader unit is even 
larger than the well-known Barber-Greene 
62. It has a larger capacity and is de- 
signed and built for individual application 
to a wider range of work. 

The new design of the loader used with 
the mixer includes two tanks (400-gal. 
capacity each) for carrying a supply of oil 
or asphalt on the loader itself. These tanks 
are located one each side of the boom, 
being mounted on the chassis frame and 
are equipped with heaters and intercon- 
nected with piping in such a manner that 
circulation is maintained at all times. 
There is a positive feed pump on the 
loader that maintains this circulation and 
also draws the oil or asphalt from the 
tank wagon or truck and delivers it to the 
supply tanks. The loader is supplied with 
a transmission of wide variety of speeds 
and the engine is arranged with throttle 
control so that almost any speed may be 
obtained. This power plant drives the 
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Bituminous Paver and Finisher 


awlers, pump, bucket chain and spirals, 

it is not connected to the mixer. 

The mixing unit or second unit when 

ed with the loader is attached by means 

a king pin and trails on its own wheels, 

Athey wheels, being towed by the 
ider. This unit is equipped with its own 
hp. plant of ample capacity supplied 
th several speeds and throttle control. 
positive feed pump is mounted in a suit- 
le position and driven from the same 
untershaft as the apron feeder, which 
easures out the aggregate. This pump 
takes the oil or asphalt from the supply 
tanks on the loader and delivers it to the 
ray nozzles in the spray chamber. This 
nnection is through flexible hose and 
iping but has no relation to the pump 
the loader. They are entirely inde- 
endent of each other. 

The aggregate is discharged from the 

vader into a storage hopper on top of the 
nixer unit. This hopper is supplied with 
a gauge to indicate the amount of material 
therein at all times. In the bottom of this 
hopper is a calibrated gate and an apron 
feeder extended beyond the angle of re- 
pose of the aggregate to insure accurate 
volume. With the feeder and positive feed 
pump being driven by the same shaft, the 
proportion of materials remains constant 
for all engine speeds, that is to say the 
percentage of oil or asphalt may easily be 
kept within a variation of one per cent. 
The power plant also drives the double 
pug mill and is ample capacity to insure 
operation in fine aggregate, heavy mate- 
rials, and at high altitudes. The combined 
power of the loader and mixer is 125 hp. 
By using two independent power plants 
with various speed changes and throttle 
control, perfect operation can be affected 
under all conditions. 

The mixer unit may be used indepen- 
dently as a central plant and is easily port- 
able. It is a complete unit in itself when 
supplied with a charging equipment for 
either hot or cold mix. It may be used 
with other equipment such as driers, 
screens, belt feeders, or cranes. It is also 
possible to provide a special storage hopper 
with partitions parallel to the apron feeder 
and proportion various sizes of aggregates 
Often required in plant mix specifications. 
rhe finisher, or third unit, which spreads, 
compacts and screeds the mixed material, 
is practically the same as before. The 


screw conveyors are inclosed in front to 
reduce excess material ahead of the tam- 
per. There are two gauges operated by 
shoes that indicate any uneven places in 
the sub-grade before they are reached and 
give the operator ample notice. There are 
also additional adjustments available for 
various conditions. Other important fea- 
tures are exhaust heat applied to the tam- 
per and screed surfaces and a separate 
clutch on the tamper drive which permits 
independent operation of the tamper. 


When the finisher is used separately it 
may be necessary under some conditions to 
have additional traction. This is accom- 
plished by substituting for the rear shoes a 
power-driven crawler at the rear end of 
each evener arm. These are driven from 
the countershaft at the rear by means of 
sprockets and chain. The necessity for 
this extra traction may be occasioned when 
spreading heavy mixtures, steep grades, 
and when the shoulders are soft and of 
sandy character. 


v 


Trail-It Wagon Now Avail- 
able with Caterpillar 


The Trail-It wagon for dirt moving is 
now available for the first time for use 
with the Caterpillar wide gauge “Twenty- 
five” tractor. This wagon is now manu- 
factured and sold by the Conco Crane and 
Engineering Works, a division of H. D. 
Conkey & Co., Mendota, III. 

The Trail-It has a capacity of 4 yds. of 
dirt per load, and is of the bottom-dump 
type. 

An important feature of this combina- 
tion is an ingenious hitch, supported on 
arms which extend to the center of each 
track roller frame. Both tractor and 


Trail-It Wagon with Caterpillar 25 
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wagon operate as a single unit, with the 
tractor carrying one-fourth to one-third 
of the load directly at the center of the 
tractor, giving increased traction with cor- 
rect weight balance. 

The hitch acts like the universal joint 
in a motor car, absorbing and neutralizing 
tilting and dropping due to uneven grades. 
Vertical motion is absorbed in ball-and- 
bearing socket joints which are mounted 
on the truck frames. Turning in its own 
tracks is easily accomplished through a 
heavy alloy-steel angle shaft, which also 
equalizes and stabilizes rolling and side- 
swaying. Shocks and jolts are cushioned 
through thick rubber bumpers. 

Because of its short wheel base, the unit 
turns sharply (it has a turning radius of 
13 ft. 6 in.), permitting easy dumping in 
such places as bridge abutments, culverts, 
etc. 

Only one man is required for operation, 
as the tractor driver trips the load and 
winds the doors while the tractor is mov- 
ing, thereby eliminating an extra man on 
the dump. Full vision from driver’s posi- 
tion makes possible accurate spotting of 
loads. The operator is well out of the 
dust, giving him a clear view at all times. 


These wagons are equipped with 12-in.- 
wide rear wheels, convexed to make turn- 
ing easier and to prevent wheels burying 
themselves in sand. The wagon axle is 
equipped with Timken bearings and has 
Alemite lubrication. The wagon box is of 
electric welded steel construction, and bot- 
tom doors and flare boards are of hickory. 
The weight of the wagon, including hitch, 
is 3700 Ibs. 

The wagon is quickly removable from 
tractor, if the power plant is desired for 
other work. 


v 


New Explosive 


A new type of explosive, to be known 
as Hi-Velocity Gelatin Dynamite, has re- 
cently been developed at the eastern labora- 
tory of E. I. du Pont de Nemours & Co., 


Wilmington, Del. This is described as a 
straight gelatin that detonates at high ve- 
locity with a No. 6 cap, even when shot 
unconfined, and repeated tests are said to 
have proved that this material invariably 
reaches its high velocity within the first 
8-in. cartridge. 

These new gelatins will be offered only 
in the 60 per cent, 70 per cent and 80 per 
cent straight gelatin grades, and in dia- 
meters not less than 234 ins. They are ex- 
pected to be especially valuable in sub- 
marine blasting and in oil and gas well 
shooting. 


Tractor 
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Allis-Chalmers Track 
Wagons 


A complete line of track wagons, in- 
cluding bottom dump, end dump, log, pipe 
and industrial track wagons, has _ been 
added by the Allis-Chalmers tractor di- 
vision, Milwaukee, for distribution through 
the company’s track-type tractor dealers. 

Four models of bottom dump wagons 
are being built 5%, 6, 7 and 8 yd. capaci- 
ties. All are equipped with 15-ton capacity 





8-Yd. Gravity Rear End Dump Wagon 


Allis-Chalmers drop-forged tracks which 
design, materials and 
workmanship as those used on Allis- 
Chalmers track-type tractors. All are 
equipped with ball-bearing dumping and 
winding mechanism which is safe, simple 
and easy to operate. 

An 8-yd. Allis-Chalmers gravity rear 
end dump wagon is designed especially for 
hauling shale or rock and for use in con- 
struction of fills where bottom dump 
wagons cannot be used efficiently. It is 
operated from the tractor seat by rope 
control and when empty folds back auto- 
matically into loading position. 

A 15-ton Allis-Chalmers log, pipe or in- 
dustrial track wagon is available with or 
without front carrier. 

On all models, castings are of alloy 
steel. Bottoms or doors are made of 
extra-heavy medium carbon steel plate, re- 
inforced with large angle sections. Each 
door is supported by four heavy steel 
hinges, designed for maximum road clear- 
ance when dumping. Bodies are balanced 
on A-C 15-ton tracks by means of the 4- 
in, diameter heat-treated alloy steel main 
axle, and two 3™%-in. diameter stub axles 
of the same material. Frames and draw- 
bar are of heavy construction to provide 
strength against all twisting strains. 


are of the same 


v 

New Subgrader 
A new subgrader has been placed on 
the market by the Rife Engine Co., 70 
West St., New York, N. Y. The machine 
is all electric welded, has roller bearings 





Rife Subgrader 


on all frictional points including thrust 
bearings. The scarifier has 42 teeth each 
1 in. square, made of tool steel and like 
the scraping blade is reversible and easily 
removed. The tooth holder being 90 de- 
gree angle, point down, allows dirt to pass 
through teeth and will easily roll stones 
ahead that cannot pass through. When 
down, both the scraper and scarifier are 
held at an exact point so there is no varia- 
tion of the depth at which either one 
works. The scraper is designed to roll 
accumulated dirt ahead instead of push- 
ing it. 

To avoid the crowding of forms the 
working wheels have no flanges and the 
machine is kept on forms by four roller 
guides which come about half way down 
on the form and are stated to cut out about 
three-fourths of the pressure that is liable 
to tip forms over. When paving the second 
strip it is only necessary to shift the side 
wheels and place them on the outside of 
frame of subgrader. The weight of the 
machine is about 3500 Ibs. The machine is 
intended to be pulled by a 5-ton roller 
which will do the levelling work at the 
same time it is doing the necessary rolling. 
The draw bar is equipped with roller 
attachment that will allow roller to work 
at either side of the space without pressure 
on form. 

Wheels are provided for moving the ma- 
chine from place to place and when the sub- 
grader is on forms they can be attached 
by blocking machine up about 3 in. These 
wheels have no axles and are attached to 
eye beams by clasp and can be instantly 
removed. The standard stock size of these 
graders is for 10-ft. strips. They can be 
made for other widths if wanted. 

Patents are pending on several features 
herein described. 


New Shunt ws Enameled 
Wired Blasting Caps 


Adoption of a new shunt for enamel- 
wire, electric blasting caps is announced 
by Hercules Powder Co., Wilmington, 
Del. The new shunt is called the “Was- 
sen” shunt and is made by winding the 
end wires around a small piece of metal. 
It is as effective as the old type of twisted 
ends, and it is easier to untwist and take 
apart without distorting the wires, it is 
stated. 

For electric caps with plain iron or cop- 
per wires, Hercules will continue to use the 
eyelet shunt which has been found prac- 
tical and satisfactory by blasters. 

v 


Fabriform Loaders Now 
Mounted on McCormick- 


Deering Tractors 


The Industrial Equipment Division of 
Pettibone Mulliken Co., 4710 W. Division 
St., Chicago, announces the Fabriform 
loader for operation with McCormick- 
Deering industrial tractors. The Fabri- 
form loader, manufactured by the Welded 
Products Co., Los Angeles, is a fast, 
economically-operated loader for all types 
of dirt and ‘material-handling jobs. It is 
light weight and constructed so that the 
operator has an unobstructed view, both 
ahead and to the rear of the tractor. 





Roads and Streets 


One of the outstanding features of the 
loader is the high-lift and long-loading 
reach features. It has a loading height 
of 8% ft. and will load any 2-ton truck 
entirely from the rear. The loader bucket 
is %4-yd. capacity and has a traveling speed 
of 68 ft. per minute. The Fabriform 


loader can be operated with a tractor 
equipped with either wheels or Moon 
tracks. 


loader is electrically 


The Fabriform 





Fabriform Loader on McCormick-Deeri:g 
Tractor 


welded, affording the most rigid construc- 
tion. The lower part of the track up- 
rights are curved towards the tractor so 
as to assist in loading the bucket. In this 
operation the weight as well as the power 
of the tractor is utilized to fill the bucket. 
New features of loader control are incor- 
porated to afford easy and complete con- 
trol of the loader and tractor at all times. 
v 


The Oxweld Extensometer 


The Oxweld extensometer, a new test- 
ing device which makes it possible to de- 
termine the yield point of specimens being 
tested in an Oxweld portable tensile test- 
ing machine, has been announced by The 
Linde Air Products Co., 30 E. 42nd St, 
New York, N. Y. 

The sensitivity. of the Oxweld exten- 
someter is such that it will indicate the 
elongation in a standard A. S. T. M. test 
occasioned by the heat of the human hand. 
Although highly sensitive, this precision 
instrument is simple, rugged, self-contained 
and self-compensating. 

The two points of the Oxweld exten- 
someter are clamped on the specimen to be 
tested in such a manner that the elonga- 
tion between the two points during tension 
is multiplied in a ratio of 5 to 1 by a lever 
bar making electrical contact with the 


~~ 





Extensometer Attached to Machined Speci 
men Ready to Be Tested in Oxweld 
Portable Tensile Testing Machine 
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micrometer head. The moment of con- 
tact is indicated by the flash of a small 
electric light in the extensometer head. 
‘his exclusive feature makes it possible 

r a single operator using the Oxweld 
ortable tensile testing machine in combi- 
ation with the Oxweld extensometer to 
ictermine both the ultimate strength and 
he yield point of a specimen. 

[he extensometer may also be used as 
a strain gauge to determine the elongation 
of a specimen under a specific load. 

’ 


Power-Controlled 
Sixty Grader 


Development and thorough tests have 
been completed, production is under way, 
an deliveries began June 1 of another 
important addition to the line of the Cater- 
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pillar Tractor Co., Peoria, Ill—“Cater- 
pillar” Sixty grader equipped with power 
controls. 


[here are seven levers in a row in front 
of the operator. Each lever controls action 
in one direction when pushed forward—in 
the opposite direction when pulled back. 
Five of the levers control the most fre- 
quently made adjustments. The sixth, 
rough a shift, controls either the center 
shift or three point control. The seventh 
through a shift, controls either the lean of 
the two rear wheels or the side shift of 


- 


Predye 
7 2 





“Caterpillar” Sixty Grader Equipped with 
Power Control 


the rear axle. A total of eighteen actions 
power-controlled ! 

The power-control mechanism is of the 
same type as on the auto patrol—the con- 
trol levers engage sliding jaw clutches to 
direct the power, transmitted through the 
constantly operating gears, to the various 
points of action. 

Power to operate the power controls is 
provided by the engine mounted on the 
grader. This is a single cylinder engine, 
3%-in. bore, 4-in. stroke, 1300 r.p.m., air- 
cooled developing approximately 5 horse- 
power. 


New 12,000 G. P. H. Self- 


Primer Pump 


The Chain Belt Co., Milwaukee, Wis., 
announces a new 2%-in. self-priming cen- 
trifugal pump which fits into the brand 
new Rex speed-primer line. This new self- 
priming Rex unit is of the recirculating 
type. It is automatic in action after the 
recirculating system has been filled. 

_The Chain Belt Co. states that this par- 
ticular size has been built to provide close 





New 2%-In. Rex Pump 


to the same light weight portability of the 
2-in. class with the increased capacity of 
the 2%-in. class. Factory tests show that 
the new Rex meets, with capacity to spare, 
the A. G. C. 24%-in. pump rating of 12,000 
gal. per hour on a 10-ft. suction lift and 
easily meets the A. G. C. maximum lift 
rating of 25 ft. Yet the weight of the 
new Rex is only 305 Ibs.; height only 28 
in.; width, only 36 in. 

The manufacturers claim a new and 
unique self-priming system which is built 
around a new device known as the prime 
control. With this control the pump re- 
circulating system can be adjusted to as- 
sure maximum capacity and minimum 
priming time on any suction lift. It is 
claimed that this new Rex pump will pick 
up its prime on a 15-ft. suction lift in less 
than one minute. 


The impeller is of the open trash type 
with two blades instead of four. This 
revised design is capable of handling a 
high percentage of solids and will pass 
any sphere up to % in. in diameter. Power 
is supplied by a compact air cooled engine. 
Pump and engine are mounted together on 
a wheelbarrow frame for one handling. If 
desired, the pump and engine can be re- 
moved from this frame as a unit by loosen- 
ing four bolts. A ring on top the pump 
permits it to be dropped down into the 
hole with block and tackle. 


Detachable Bit Grinder 


A machine for grinding the detachable 
bits used in rock drilling has been placed 
on the market by the Marberg Co., 32 Me- 
chanics Ave., Woonsocket, R. I. It is 
claimed that this grinder does a perfect 
job of grinding the detachable bits, restor- 
ing their original form and making it pos- 
sible to use the same bit a number of 
times, this number depending upon the 





Operator Grinding Opposite Angle Face 
of Bit 
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wear caused by the hardness of the rock 
drilled. 

The grinder is designed to accurately 
grind the cutting angles and gauge of the 
bit to the same pitch as the original con- 
struction so that no matter how many 
times the tool is ground, the angles and 
clearances are still perfect. The work slide 
is so constructed that it is practically im- 
possible to grind an imperfect form and a 
skilled mechanic is not needed to operate 
it. 

The manufacturers state that they have 
timed average operators, men who have 
had a few days’ experience in using the 
machine and find, that on 1 in. steel, pro- 
duction will be 15 or more bits per hour, 
depending on the size and dullness of the 
bits. 

The machine is made as light as is con- 
sistent with modern machine design and is 
readily portable. It can be transported in 
the back of any car or roadster and can 
be set up in tunnels, shafts, mines quar- 
ries, in fact any place where the operator 
has elbow room and there is an electric 
line suitable for lights. 


“Shield-Arc” 


New Lincoln 


Welder 


The Lincoln “Shield Arc” welder is an- 
nounced by The Lincoln Electric Co., 
Cleveland, O. 

A uniform welding current is one of 
the outstanding features claimed for the 
new machine. By leveling the hills and 
valleys or the rapid fluctuations of the 








Lincoln “Shield-Arc” 


Welder 


usual welding current, the “Shield-Arc” is 
claimed to allow the use of a higher aver- 
age current per given rod which permits 
a considerable increase in the speed of 
welding and the amount of weld metal 
deposited. 

The new welder is rated at 40 volts in- 
stead of the former 25, thus the machine 
has a 60 per cent greater kilowatt rat- 
ing than before. This rating of 40 volts 
is desirable for use with the shielded arc 
electrodes recently developed by the same 
company. 

As a result of careful designing, it has 
been possible to eliminate the necessity for 
a stabilizer or kick transformer of any 
nature. The new welder is also equipped 
with dual control which permits indepen- 
dent regulation of current and voltage 
which is so necessary and desirable for 
the best results in welding. 

Since with shielded arc welding reversed 
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polarity is widely used, the new “Shield- 
Arc” machine is equipped with a reversible 
voltage control which actually reverses 
the direction in which the current is gen- 
erated. This innovation eliminates the 
shifting of cable connections to change the 
polarity of the welding current. This re- 
versible voltage control is operated by turn- 
ing a small lever mounted on the front of 
the control panel. By putting this small 
lever in the neutral position no voltage is 
generated so that no current can flow 
through the welding leads. Also a center 
reading volt ammeter is mounted on the 
control panel which immediately indicates 
whether the machine is operating with 
positive or negative polarity, as well as 
volts and amperes. 

The control panel is mounted on the 
machine at a handy height for ordinary 
control. The front is in a vertical position, 
reducing the possibility of breakage. The 
control panel has a dead front and no ex- 
posed live connection in either the front 
or back. 

The upper half of the new “Shield-Arc” 
welder is entirely enclosed, which not only 
makes it drip proof but also prevents any 
foreign articles from being dropped in the 
machine to cause injury. The machine is 
of arc welded steel construction. Also the 
complete generator field is of laminated 
construction, being composed of electrical 
sheet. 

The new “Shield-Arc” welders are built 
in AC and DC motor driven types of 300, 
400 and 600 ampere sizes. Removable run- 
ning gear and draw bar makes a change 
from portable to stationary model very 
easy. 


New Mixer for Cold Patch 


A mixer for mixing cold patch for road 
repair work is a recent addition to the 
line of the Chain Belt Co., Milwaukee, 
Wis. In general, this consists of a heavy 
steel open top drum in which three large 
paddles revolve. The paddles are so ar- 
ranged that they produce a criss-cross mix- 
ing action which tends to pull the batch 
through itself. The mixing action is said 
to be considerably faster and much more 
thorough than can be _ obtained with 
shovels. In addition, less bitumen is 
required. 

The unit is mounted on a 2-wheel, 
rubber-tired, spring mounted trailer type 
truck, so that it can be hooked behind the 
maintenance truck and towed from job to 
job at reasonably high speeds. 

Power is supplied by an 8 hp. LeRoi 2- 


cylinder engine. Maximum drum capacity 





Rex Cold Patch Mixer 










is 6 cu. ft. which is equal to about 24 sq. 
ft. of cold patch 3 in. thick. 

Paddles are of high carbon steel with 
hardened steel scrapers that can be ad- 
justed to compensate for wear. The pad- 
dles revolve at 28 r.p.m. Overall length is 
80 in., width 53 in., height 57 in., weight 
approximately 1390 Ibs. 


Three New Six-Cylinder 
Trucks 


Mack Trucks, Inc., New York, N. Y., is 
now actively engaged in the production of 
three new 6-cylinder trucks, designated as 
the Models BM, BX and BQ, and cover- 
ing a range of medium-capacity and heavy- 
duty, high-speed service. 

The three new units have a very close 
resemblance in exterior design. All are 
characterized by a_ set-back front axle. 
Other distinctive characteristics shared by 
all include gracefully crowned fenders, 





New Mack Model BM 6-Cylinder Dual 
Reduction Drive Truck 


door-type hood ventilators, coupe-type cabs 
and deep radiators. 

An outstanding feature now being placed 
on these new models is a group chassis 
lubrication system, whereby grease is run 
through tubing from a central point on 
either side of the frame—thus greasing 
vital points easily and rapidly, while at the 
same time eliminating the possibility of 
neglecting them. The grease is fed into a 
group of individual cups attached to a 
bracket on the frame. 

Among the other noteworthy mechanical 
features are extensive use of Mack rubber 
shock insulators; patented Mack torque in- 
sulator; L-head, flat-seat-valve engine de- 
sign; renewable Mack alloy exhaust valve 
seat inserts; nickel-alloy, cast-iron brake 
drums; full-floating shafts in a one-piece, 
drop-forged, banjo-type dual reduction 
drive axle. 

The Model BM is offered with dual re- 
duction drive only, either as a truck or 
tractor, wheelbases for the former being 
157 in., 181 in., 199 in. and 217 in.; 138 in. 
for the latter. Load platforms available 
for the four truck wheelbases are 132 in., 
156 in., 192 in. and 204 in. 

Available in either dual reduction or 
chain drive, the Model BX is a conven- 
tional-type addition to the Mack heavy- 
duty line. Tractor wheelbase is 136 in., 
while wheelbases for the truck include 160 
in. for dump truck work and 178 in., 196 
in. and 214 in. for highway transport serv- 
ice. Platforms offered are 100 in. for the 
tractor, 132 in. for the dumper and a choice 
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of nine, ranging from 156 in. to 216 in. 
for the truck. 

Model BQ is dual reduction only, either 
truck or tractor. As the latter, the wheel- 
base is 156 in. and the platform 100 in. 
Four wheelbases are offered on the truck, 
the 191 in. W. B. having a platform length 
of 150 in.; the 209 in. W. B. having a 
platform of 180 in.; the 227 in. W. B 
having a 210 in. platform, and the 245 in 
W. B. having a platform of 240 in. 


Scale for Weighing 
Bulk Cement 


A scale designed to receive loose or bulk 
cement direct from an overhead bin o 
standard or approved design, to weigh 
accurately if operated correctly by the maz: 
in charge and to discharge it by push but 
ton direct from scale into compartments or 
batch boxes on automobile trucks as eac! 
arrives in the proper position beneath i 
illustrated below. 

The scale occupies only the room be- 
tween the outlet of a standard bulk ceme: 
bin and the operating platform and no par: 
of the scale or delivery hopper exten 
below the structural supporting framin 
of the bin. From the top of its top re 
ceiving hopper which is flanged for con- 
nection to a similar flange on the over- 
head bin to the bottom of the metal di 
charge spout the machine occupies 7 ft. 2 
in. The scale is built for easy removal 
and transportation from one location 
another. 

The framework is built of heavy channel 
and angle iron and is bolted to a suppor'- 
ing structure which at bottom is level with 
the operator’s platform. The lever system 
is one of heavy duty tubular main weigh- 
ing levers of low multiplication mounted 
at the top of the scale and hung from 
the scale framework. These main weigh- 
ing levers connect, through a beam rod sus- 
pended from their long arm, with levers 
in the beam box which consist of a short 
lever, a tare beam, and a net weighing 
beam, the last two being fitted with suita- 
ble sliding poises. The knife edges or 
pivots are made of high-grade tool steel 
and are shaped, sharpened and hardened 
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Richardson Hand-Fed Bulk Cement Scale 
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for prolonged wear and greatest sensi- 
tiveness. From the short arm of the main 
lever system the weighing hopper is sus- 
pended at four points so that it will not 
twist. The main weighing levers are all 
completely housed so they will not be sub- 
ject to pressure from the outside which 
would defeat accurate weighing. 

[The beam box is arranged at a con- 
enient height for the operator. From the 
helf lever inside the beam box the beam 
1 pulls on the short arm of the tare 
1m and at an equal distance from the 
Icrum a shackle drops and connects with 
e net weighing beam. A tell-tale device 
operated from the tare beam which 
wws the balance of the weighing system 
pty and loaded. 

The weighing beam has a range of from 
ro to 1000 Ib. in 50 Ib. graduations. To 
this is connected a subsidiary beam gradu- 
aied from zero to 50 Ib. in 1-lb. gradua- 

ns. Each beam has a sliding quick- 
setting counterpoise which is locked to 
prevent sliding when once set. The beam 
box which contains these weigh beams, 
e‘c., is of enclosed dustproof design and 
its hinged door is fitted with padlock and 
key so that its contents cannot be tam- 
red with by any unauthorized person. 
A rotary inlet valve controls the flow of 
ment into the weighing hopper and is 
manually operated. It consists of a drum 

ith two internal gates and is of heavy 
ist iron construction. There are two 
openings, one at the top and one at the 
ottom. Each opening is closed by its 
wn separately operated gate or arc with 

lock lever to operate both together dur- 
ing the first period of the weighing cycle. 
Both gates are operated by the one lever 
and swing on a common axis. 

The weighing hopper is made of sheet 
iron and is supported at four points from 
the short arms of the overhead scale lever 
system and is balanced empty by tare 
weights at the opposite end of the system. 
The hopper walls are vertical at the top 
and are very steep at the bottom. It has 
rounded corners and is self-cleaning. The 
discharge opening is controlled by a piv- 
oted undercut gate of leakproof design 
which is opened and closed by a fully en- 
closed ball bearing motor of 1/6th horse- 
power through a geared speed reducer and 
chain. ; 

The weighing hopper discharges the 
weighed cement through a discharge spout 
which is mounted below the weighing hop- 
per and fastened to the main frame. A 
dial and indicating pointer is mounted in a 
case on the top of the beam box to give 
visible evidence of the accuracy of each 
weighing and to advise the operator 
whether or not the machine is in balance 
empty. 

This scale is a product of the Richard- 
son Scale Co., Clifton, N. J. 
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Improved Rod for Electric 
Welding 18-8 Stain- 
less Steels 
A new Allegheny metal welding elec- 
trode has just been announced by Joseph 
r. Ryerson & Son, Inc., Chicago, Ili. The 


rod is applicable to Allegheny metal and 
ther stainless steels in the 18-8 chrome 


nickel group. From tests and experiments 
that have been made, the fact has been 
definitely established that the rod will give 
uniform, highly satisfactory results. 

Chiefly responsible for its rather unusual 
performance is the special flux coating. 
This coating produces a non-active gas 
which surrounds the hot metal and pre- 
vents the oxygen of the air from attacking 
the metal and forming oxides. The heavy 
slag formed on top of the weld acts as a 
protective agent as the metal cools. 

The illustration shows a V-type fill of 
eight layers placed on top of the other 





V-Type Fill of Eight Layers 


without removal of any slag. Piece 
marked “A” is the welded material from 
which section “B,” % in. thick, was hack 
saw cut across weld. “C” is an X-ray 
picture of “B,” showing the perfect bond 
between the rod and work. It will be 
noted that there are no blow holes, or gas 
or slag pockets. 

Firms that employ the welding process in 
fabricating Allegheny metal or other stain- 
less steels may secure samples of this new 
rod by writing directly to the Ryerson 
company. Plants are located in Chicago, 
Milwaukee, St. Louis, Detroit, Cleveland, 
Cincinnati, Buffalo, Philadelphia, Jersey 
City and Boston. 

v 


New Explosive 
A series of explosives of a radically 
new type, known as “Red Cross Blasting 
Nos. 2, 3 and 4 F. R.,” has been developed 
by the explosives department of E. I. du 


Pont de Nemours & Co., Wilmington, 
Del. 
These so-called free-running powders 


actually are dynamite of special grades in 
loose form. They are particularly designed 
for use in sprung holes and Red Cross 
No. 2 F. R. is especially adapted for re- 
placing black powder in this work. Field 
experience is stated to show that 60 to 75 
lbs. of the free running powder will re- 
place 100 Ibs. of black powder. Nos. 3 and 
4 F. R. are well adapted for top loads in 
certain types of well drill work where they 
have the advantage over regular cartridge 
dynamite in that they completely fill the 
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hole because of their free running char- 
acteristics. Red Cross Blasting No. 4 F 
R. is of considerable advantage for road 
work, as many road contractors are using 
air drills and loading the holes with the 
stick dynamite, which is a relatively slow 
process. 

While the free running powders do not 
have any particular water resistance, ex- 
perience indicates that they may regularly 
be used where black powder fails because 
of moisture conditions. 

The most economical way to detonate 
free running powders is by means of an 
electric blasting cap with a primer of at 
least 40 per cent strength. 


New Gear-Motors An- 
nounced by General 
Electric 


A line of gear-motors, readily adaptable 
for application to machinery of widely 
various designs, has been announced by the 
General Electric Co., Schenectady, N. Y. 
The underlying principle of these gear- 
motors consists of a normal speed motor 
in combination with a built-in, internal- 
helical planetary-gear speed-reducer. Since 
this type of construction permits a wide 
choice of speeds on the output shaft, it is 
possible to adapt a gear-motor to almost 
every type of low-speed drive. Compact 
construction, high efficiency, full horse- 
power rating of the motor at the output 
shaft, economy of installation and opera- 
tion because of the self-contained unit, and 
simple design are some of the many fea- 


tures of these gear-motors, which are 
available in either flanged or vertical 
mountings. 

The General Electric Co. also offers 


gear-motors with special electrical charac- 
teristics, such as high starting torque with 
low starting current, normal starting torque 
with low starting current, adjustable, vary- 
ing speed, multispeed, etc., or mechanical 
features such as totally enclosed; totally 
enclosed, fan-cooled; or Class I, Group D, 


construction for use in hazardous gas 
locations. 
A-c., polyphase, squirrel-cage and 


wound-rotor gear-motors are available in 
ratings up to 75 hp., single phase to 5 hp., 
and d-c. to 7% hp. D-c. gear-motors are 
offered for those applications where either 
the advantages of adjustable-speed drive 
or a d-c. source of supply render their 
use desirable. Standard gear motors can 
be had with shaft speeds down to 13 r.p.m. 


Humidity Cabinet for 
Cement Testing 


A “Humidity Cabinet,” for users of ce- 
ment, has been announced by the American 
Instrument Co., 774 Girard St. N. W., 
Washington, D. C. This new cabinet pro- 
vides automatic control of temperature 
and humidity for aging cement samples in 
accordance with requirements of _ the 
American Society for Testing Materials. 
Provision is made for storing samples 
both in moist air and immersed. The new 
unit has been developed with the co- 
operation of several of the state highway 
laboratories. 
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Manufacturers Publications 


TetsmitH Butietin No. 266-H covers 
the Smith Engineering Works, Milwaukee, 
Wis., line of washers, conveyors, screens, 
sand tanks, etc. The bulletin is fully illus- 
trated and contains specifications of all 
units. 


7 

Austin 77, BuLLETIN 1239, describes a 
six cylinder dual drive motor grader as 
manufactured by the Austin Manufacturing 
Co., and sold by the Austin-Western Road 
Machinery Co., both of Chicago, Ill. The 
bulletin is fully illustrated and descc bes 
the various important parts of the unit. A 
discussion of their attachable power drag 
is included. 

v 

AMERICAN Bitumuts Company’s booklet 
on Drives and Walks on Country Estates 
discusses the application of this company’s 
various grades of asphalt emulsions to this 
type of work. The booklet is illustrated 
with pictures of grandeur and otherwise 
prepared in first class style. Copies of this 
bulletin may be obtained from their home 
office at 200 Bush St., San Francisco, Calif. 


v 

“CATERPILLAR” Roaps, a folder on the 
road machinery line of the Caterpillar 
Tractor Co., Peoria, Ill., is a follow up on 
their condensed catalog which shows, de- 
scribes, and gives specifications of all of 
their road making machinery. The cata- 
log is profusely illustrated, showing the 
application of each type of equipment. 
Another folder discusses tractors for con- 


tractors. 
v 


Austin 101 BuL_etin 1238, discusses the 
leaning wheel grader of the Austin Mfg. 
Co., Chicago, Ill. It is fully illustrated and 
treats of road grading from various em- 
ployment points of view. Various parts 
of the grader are pictured and points of 
interest explained. The Austin line is sold 
by the Austin-Western Road Machinery 
Co., Chicago, III. 


v 
CaTALoc B-1 of the Bay City Shovels, 
Inc., Bay City, Mich. contains specifica- 
tions, illustrations, and details of their full- 
revolving Model B, %-yd. convertible 
shovel. The bulletin shows ‘vorking ranges 
and clearances of the machine when used 
as a shovel, trench hoe, crane, or drag 
line. 
v 
LittLerorp’s Fo.per describing their 
various bituminous road maintenance equip- 
ments, like most folders, shows the use of 
the equipment in picture. Short descrip- 
tions accompanying the pictures. The main 
office of Littleford Bros. is at Cincinnati, 
Ohio. 
v 
Pusu-Putt-Havut-Horst is the title of 
a booklet discussing McCormick-Deering 
industrial power units. Many pictures and 
specifications describe the various uses of 
the equipment. A copy of the booklet 
may be obtained from the International 


Harvester Co., Chicago, Ill. 
v 
Do It tHe Better Way is a four-page 
folder fully describing the Road-Mixer of 
the Iowa Manufacturing Company, Cedar 


Rapids, Iowa. Short descriptions of the 
function of the various parts are enclosed 
in a dark line square from which an arm 
leads pointing to the part discussed. 

v 


Byers’ Catatoc Numser 532 describes 
the line of excavating and material han- 
dling equipment of the Byers Machine 
Company, Ravenna, Ohio. The shovel and 
its various parts are pictured. Specifica- 
tions of the various attachments show 
clearances and operating ranges. 


v 

INTERNATIONAL TRUCKS, a 31 page book- 
let of the International Harvester Com- 
pany describes the use of trucks for con- 
tractors, excavators, and road builders. 
Many illustrations and brief specifications 
carry the idea to the reader. Headquarters 
are in Chicago, III. 

v 

WititrAmMs BucKETs are pictured and 
their work described in a recently printed 
circular of the Wellman Engineering Co., 
Cleveland, Ohio, who are manufacturers of 
this line. The folder points out special 
interesting features of the bucket. 

v 

ALLIS-CHALMERS MANUFACTURING Co., 
Tractor Division, Milwaukee, Wis., has 
issued a series of folders on its line of 
elevating and blade graders. One of these 
folders describes the 48 in. model elevating 
graders. The Allis-Chalmers motor patrol 
grader is featured in a folder describing 
the construction and performance of this 
equipment. Folders describing the Allis- 
Chalmers No. 10 leaning wheel blade 
grader and the Allis-Chalmers No. 11 and 
14 leaning frame power controlled graders 
are also available. 

* 

A TratLer BuLLeTIN by the Wellman 
Engineering Company of Cleveland, Ohio, 
describes the Williams trailer in detail on 
its six pages. Views of individual parts 
are shown. 

v 

PictortaL Buttetin 1247 of the Austin- 
Western Road Machinery Company, Chi- 
cago, Ill., features the entire lines of this 
company’s equipment in action. The 24 
page booklet is elaborately illustrated. 
There are no specifications included. 


v 

Use or Exptostves ror SetrLinc HicH- 
way Fits, a 48 page book just published by 
the Explosive Department of E. I. du Pont 
de Nemours & Company, Wilmington, 
Del., discusses principles and practices 
which have proved successful in acceler- 
ated fill settlement operations. 

The book is comprehensive within the 
limits set by the compilers, and the text is 
supplemented with many diagrams and 
illustrations made from photographs of 
actual operations. The booklet is the most 
complete publication on the subject avail- 
able. Engineers, contractors and others 
concerned with highway construction may 
obtain copies upon application to the du 
Pont Company. 

v 

Buttettn C-3 of the Fuller Company, 
Catasauqua, Penna., completely describes 
and illustrates their single and two-stage 





compressors and vacuum pumps. These 

are rotary, not reciprocating pumps. Speci- 
fications, air delivery rates, etc., are in- 
cluded. 

v 

Tue Texas Company has published a 
28 page, illustrated booklet, describing the 
uses of Texaco asphalt surfacing materials 
in treating the various types of street and 
road surfaces. Methods of constructing 
all-weather road surfaces at low cost, using 
Texaco products, are also described in the 
booklet, with the aid of photographs. 

Included in the booklet are a series of 
useful tables which will prove helpful in 
estimating quantities of Texaco asphalt 
surfacing material and cover material 
needed for a particular road. 

Copy of this booklet may be obtained 
by writing The Texas Company, Asphalt 
Sales Department, 135 East 42nd St., New 
York City. 

’ 

HARNISCHFEGER CORPORATION of Milwau- 
kee has issued recently a bulletin describing 
in detail the construction and operating 
features of the P & H-Hansen arc welder, 
now manufactured exclusively by Har- 
nischfeger. The several P & H-Hansen 
models ranging from 100 to 800 amperes 
in capacity are pictured and described in 
the new bulletin. 

’ 

Economy, saving money for the cus- 
tomer, is the keynote of a series of news 
bulletin. now being sent out by the Asso- 
ciated Manufacturers of Multi-Wall Sewn 
Paper Bags to contractors, engineers, and 
others who use or specify cement and sim- 
ilar rock products. Particular emphasis is 
laid upon the advantages of this container 
under present-day conditions. 

The Associated Manufacturers of Multi- 
Wall Sewn Paper Bags, an organization 
recently formed by the leading producers 
of this type of package, are undertaking 
to promote increased use of the container 
which, after its seven years of steadily ex- 
panding service, they regard as the most 
efficient means of handling pulverized rock 
products. 

Copies of these bulletins may be ob- 
tained upon request from the Associated 
Manufacturers of Multi-Wall Sewn Paper 
Bags, 60 East 42nd St., New York, N. Y. 

7 


Catatoc No. 1391 of the Blaw-Knox 
Company, Pittsburgh, Pa., is a 15 page 
booklet devoted to a description of dust 
collectors and supplementary equipment. 
Modern hot-mix asphalt plants are designed 
with this type of equipment as an integral 
part and many existing plants should be 
so equipped. Blue print sketches and short 
descriptions of sections of the unit clearly 
indicate the function. 


v 

Type F Futier-Kinyon Pump is de- 
scribed in a recent bulletin of the Fuller 
Co., Catasauqua, Pa. It illustrates and 
describes the uses of this pump in unload- 
ing cement from hopper bottom cars. It 
also shows how the pump can be used for 
unloading cement from barges, as well as 
from box cars. 
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